*# 


J(l> 


BLM    LIBRARY 


Northeast  Montana  Investigations  Report 


NORTHEAST 
MONTANA  INVESTIGATIONS 


MONTANA 


RESOURCE  &  POTENTIAL 
RECLAMATION  EVALUATION 


Northeast  Montana  Investigations  Report 
Published  July  1983 


Tne  Federal  Coal  Management  Program 
has  been  designed  as  an  interagency 
cooperative  effort  to  meet  national 
energy  objectives. 

Northeast  Montana  Investigations 
Report  was  prepared  through  the 
efforts  of  the  U.S.  Department  of 
the  Interior,  principally  the  Bureau 
of  Land  Management  and  Bureau  of 
Reclamation.   The  study  effort  began 
in  1981  and  was  concluded  in  1983 
with  the  publication  of  this  report. 

The  areas  described  in  this  report 
have  been  tentatively  determined  to 


be  potential  Federal  coal  development 
areas.   The  purpose  of  the  report  is 
to  provide  information  on  the  areas' 
reclamation  potential,  should  coal 
development  occur.  This  report  will 
assist  managers  in  making  final 
Federal  coal  leasing  decisions. 

Limited  copies  of  the  report  are 
available  from: 

Bureau  of  Land  Management 
Montana  State  Office 
222  N.  32nd  Street 
Billings,  MT  59107 


50777-101 

REPORT   DOCUMENTATION 
PAGE 


1.   REPORT   NO. 

BLM  YA-533-1A0-3 


4.   Title  and   Subtitle 

Resource  and  Potential  Reclamation  Evaluation: 
Northeast  Montana  Investigations 


7.  Author(s) 

Frank  Calcagno.  Jr.  and  Glenn  H.  Westman,  Editors 


9.   Performing  Organization  Name  and  Address 

Bureau  of  Reclamation 

Upper  Missouri  Regional  Office 

P.O.  Box  2553 

Billings,    MT      59103 


12.   Sponsoring  Organization  Name  and  Address 

Bureau  of  Land  Management 
Denver  Service  Center 
DFC,  Building  50,  D-470 
Denver,  CO   80225 


BLM  LIBRARY 

SC-324A,  BLDG.  50 
DENVER  FEDERAL  CENTER 

P.  0.  BOX  25047 
DENVERtCO  802250047 


3.   Recipient-*  Accession  No. 


5.    Report   Date 

July   1983 

6. 


8.   Performing  Organization   Rept.  No. 


10.   Project/Task/Work  Unit  No. 


11.   Contract(C)  or  Grant(G)  No. 

(C) 

(G) 


13.  Type  of  Report  &  Period  Covered 

Final;    81-83 


14. 


15.   Supplementary  Notes 


Prepared  jointly  by  the  Bureau  of  Land  Management  and  Bureau  of  Reclamation 


16.  Abstract  The  purpose  of  this  investigation  was  to  collect  baseline  information  tor  establish- 
ing  reclamation  objectives  and  lease  stipulations.   The  Investigations  area,  located  in 
northeastern  Montana,  lies  on  the  border  of  the  glaciated  and  unglaciated  portion  of  the 
Great  Plains  Physiographic  Province.   The  area  generally  consists  of  extensive  uplands  to 
the  southeast  of  the  Missouri-Yellowstone  drainage  divide  and  gently  rolling  topography  with 
isolated  buttes  to  the  northwest.   Climatic  conditions  are  characterized  by  cold  winters, 
warm  summers,  and  large  variations  in  seasonal  precipitation.   Average  annual  precipitation 
is  about  13  inches;  the  frost-free  season  ranges  from  110  to  130  days.   Bedrock  exposed  in 
the  area  consists  predominantly  of  the  Tongue  River  Member  and  also  the  Lebo  Shale  Member  of 
the  Paleocene  Fort  Union  Formation.   Miocene  to  Holocene  gravel  terraces,  Pleistocene  gla- 
cial deposits,  and  Holocene  alluvial  deposits  locally  mantle  the  bedrock  in  the  area.   Six 
continuous  lignite  beds  are  present  in  the  area,  of  which  four  are  fairly  thick.   These  beds 
are  the  S-,  L-,  R-,  Second  Pust  Bench,  Pust,  and  Peuse.   Soils  developing  in  old  or  recent 
alluvium  in  the  area  should  provide  18  to  36  inches  or  more  of  good  quality  topsoiling  mate 
rial  for  revegetation.   Only  6  to  12  inches  of  suitable  topsoil  will  be  available  from  the 
soils  forming  in  residual  sandstone,  siltstone,  shale,  or  baked  rock.   Available  subsurface 
materials  appear  fair  to  poor  in  quality.   Overburden  samples  from  9  USBR  drill  holes  were 
evaluated  for  use  as  a  supplemental  plant  medium  for  revegetation;  the  physical  and  chemica] 
charteristics  of  these  materials  were  highly  variable.   Twenty-six  soil/overburden  material 
were  stratified  in  the  greenhouse  as  to  their  comparative  revegetation  potential. 

17.  Document  Analysis      a.   Descriptors 

0510  Environmental  Surveys 

0807  Coal  Deposits 

1407  Reclamation  »*w»  —  Library 


BOREAU  OF  LAND  MANAOEMEN 

DW  Library 

DSttver  Service  CenteS 


b.    Identifiers/Open  Ended  Terms 


Northeastern  Montana,  surface-mined  land,  reclamation,  climate,  physiography,  geology,  soils 
overburden 


c.   COSATI   Field/Group 


18.   Availability  Statement 

Release  unlimited 

NTIS 

Springfield,    VA      22161 


19.  Security  Class  (This  Report) 

TlncJ-assif  ied 

20.  Security  Class  (This  Page) 

Unclassified 


21.    No    of  Pages 


(See  ANSI-Z39.18) 


See   Instructions  on   Reverse 


OPTIONAL  FORM  272  (4-77) 
(Formerly   NTIS-35) 
Department  of  Commerce 


*  amp 


NORTHEAST  MONTANA  INVESTIGATIONS 

DAWSON  AND  MC  CONE  COUNTIES 

MONTANA 


CONTENTS 


Page 


3- 

3 


Introduction  1 

Purpose  1 

Report  Objectives  1 

Authority  1 

Responsibility  2 

Bureau  of  Land  Management  2 

Bureau  of  Reclamation  2 

General  Description  2 

Location  2 

Present  Land  Uses  3 

Postminlng  Land  Use 3 

Rules  Governing  Mining  and  Reclamation  Operations  4 

Objective  of  Reclamation  4 

Physical  Profile  5 

Climate  5 

Precipitation  5 

Temperature  5 

Other  Climatic  Factors  6 

Effect  of  Climate  on  Revegetation  & 

Physiography  7 

Geology  8 

Regional  Geology  8 

Area  Geology 8 

Investigations  8 

Stratigraphy  9 

Structure 13 

Paleontology  13 

Mineral  Resources  13 

Lignite  Beds 14 


CONTENTS  (Cont'd) 

Page 

Engineering  Geology  15 

Stability  of  Excavation  Slopes  15 

Overburden  Expansion  15 

Instability  of  the  Postmining  Landscape  15 

Weathering 17 

Seismic  ity • 17 

Soil  and  Overburden 18 

Principal  Soil  Bodies 18 

Southwest  Glendive  Study  Area  18 

Upper  Thirteeninile  Creek  Study  Area 19 

Woodson  PRLA  Study  Area 20 

Land  Suitability  Classification  21 

Results  of  Land  Suitability  Classification  22 

Soil  and  Overburden  Suitability  for  Revegetation  23 

Soil  Mantle  Suitability  23 

Southwest  Glendive  23 

Upper  Thirteenmile  Creek  24 

Woodson  PRLA 25 

Overburden  Suitability  26 

Woodson  PRLA  -  DH-81-101 27 

Burns  Creek  -  DH-81-102  and  81-103 28 

Upper  Thirteenmile  Creek  -  DH-81-104  and  81-105  28 

Southwest  Glendive  -  DH-81-106  and  81-107  29 

Circle  2  -  Dll-81-108  and  81-109 29 

Greenhouse  Evaluation  of  Soil  and  Overburden  Materials  31 

Introduction  31 

Greenhouse  Procedures  31 

Laboratory  Procedures  -  Soil  and  Overburden  31 

Plant  Analysis  Procedures  32 

Preplant  Analysis  -  Soil  and  Overburden 32 

Postharvest  Analysis  -  Soil  and  Overburden  33 

Correlation  of  Plant  Dry  Weights  and  Preplant  and  Postharvest 
Soil/Overburden  Analysis  33 

Plant  Tissue  Analysis 33 


li 


CONTENTS  (Cont'd) 

Page 

Summary  of  Findings  33 

Bibliography 

Appendix  k  -   English  to  Metric  Conversions 
Appendix  B  -  Geology 
Appendix  C  -  Soil  and  Overburden 
Appendix  D  -  Greenhouse 


111 


PLATES 

Follows  Page  (Number) 
or  located  in 
Appendix  (Letter) 

Plate  i  -  General  Location  Map 2 

Plate  2  -  Topography  -  Circle  2  Study  Area 2 

Plate  3  -  Topography  -  Circle  2  Study-Area 2 

Plate  4  -  Topography  -  Upper  Thirteenmile  Creek  Study  Area  2 

Plate  5  -  Topography  -  Burns  Creek  Study  Area 4 

Plate  6  -  Topography  -  Woodson  PRLA  Study  Area 4 

Plate  7  -  Topography  -  Southwest  Glendive  Study  Area  4 

Plate  8  -  Land  and  Mineral  Status  -  Circle  2 4 

Plate  9  -  Land  and  Mineral  Status  -  Circle  2 4 

Plate  10  -  Land  and  Mineral  Status  -  Upper  Thirteenmile  Creek  4 

Plate  11  -  Land  and  Mineral  Status  -  Burns  Creek 4 

Plate  12  -  Land  and  Mineral  Status  -  Woodson  PRLA 4 

Plate  13  -  Land  and  Mineral  Status  -  Southwest  Glendive 4 

Plate  14  -  Generalized  Regional  Geologic  Map  8 

Plate  15  -  Geologic  and  Investigations  Map 10 

Plates  16  through  24  -  Geologic  Logs  of  USBR  Drill  Holes  81-101 

through  81-109  3 

Plate  25  -  Generalized  Stratigraphic  Columns  14 

Plate  26  -  Seraidetailed  Land  Classification  -  Southwest  Glendive 

Study  Area C 

Plate  27  -  Semidetailed  Land  Classification  -  Upper  Thirteenmile 

Creek  Study  Area C 

Plate  28  -  Semidetailed  Land  Classif icationn-  Woodson  PRLA 

Study  Area C 

Plate  29  -  Topsoiling  Material  -  Southwest  Glendive  Study  Area  C 

Plate  30  -  Topsoiling  Material  -  Upper  Thirteenmile  Creek  Study 

Area C 

Plate  31  -  Topsoiling  Material  -  Woodson  PRLA  Study  Area  C 

Plate  32  -  Subsurface  Material  -  Southwest  Glendive  Study  Area  C 

Plate  33  -  Subsurface  Material  -  Upper  Thirteenmile  Creek  Study 

Area C 

Plate  34  -  Subsurface  Material  -  Woodson  PRLA  Study  Area  C 


IV 


TABLES 

Follows  Page  (Number) 
or  located  in 
Appendix  (Letter) 

Table  1  -  Average  Monthly  and  Annual  Precipi-fcation  -  Glendive 

and  Richey,  Montana  6 

Table  2  -  Average  Daily  Maximum  and  Minimum  Temperatures 

per  Month 5 

Tables  3  and  4  -  USBR.  Point  Site  Soil  Profile  Descriptions  - 

Southwest  Glendive  Study  Area  C 

Tables  5  and  6  -  USBR  Point  Site  Soil  Profile  Descriptions  - 

Upper  Thirteenmile  Creek  Study  Area  C 

Table  7  -  USBR  Point  Site  Soil  Profile  Description  - 

Woodson  PRLA  Study  Area G 

Table  8  -  Land  Suitability  Specifications 22 

Table  9  -  Description  of  Land  Classes 22 

Table  10  -  Results  of  the  Land  Suitability  Classification  22 

Tables  11  through  19  -  Laboratory  Results  -  Drill  Holes  81-101 

through  81-109  C 

Table  20  -  Criteria  Used  to  Determine  Suitability  of  Overburden 

Materials  for  Use  as  Plant  Media  in  Revegetation  C 

Table  21  -  Suitability  of  Overburden  Materials  for  Use  as  Plant 

Media  in  Revegetation C 

Table  22  -Identification  of  Greenhouse  Samples  32 

Table  23  -  Soil/Overburden  Preplant  Analysis:   Miscellaneous  Data  —  D 

Table  24  -  Soil/Overburden  Preplant  Analysis:   Plant  - 

Available  Levels  D 

Table  25  -  Soil/Overburden  Preplant  Analysis:   Total  Levels  D 

Table  26  -  Normal  Ranges  of  Selected  Elements  in  Soils  D 

Table  27  -  Statistical  Analysis  -  Soil  Preplant  Analysis: 

Miscellaneous  Data  D 

Table  28  -  Statistical  Analysis  -  Soil  Preplant  Analysis: 

Plant  -  Available  Levels  D 

Table  29  -  Statistical  Analysis  -  Soil  Preplant  Analysis: 

Total  Levels D 

Table  30  -  Soil/Overburden  Postharvest  Analysis:   Plant  - 

Available  Levels  ■ D 

Table  31  -  Soil/Overburden  Postharvest  Analysis:   Total  Levels  D 


TABLES  (CONT'D) 

Follows  Page  (Number) 
or  located  in 
Appendix  (Letter) 

Table  32  -  Statistical  Analysis  -  Soil/Overburden  Postharvest 

Analysis:   Plant  -  Available  Levels  D 

Table  33  -  Statistical  Analysis  -  Soil/Overburden  Postharvest 

Analysis:   Total  Levels D 

Table  34  -  Correlation  Coefficients  of  Miscellaneous  Soil/ 

Overburden  Preplant  Analyses  Versus  Dry  Weight  of 

Plants  D 

Table  35  -  Correlation  of  Dry  Weight  of  Plants  Versus  Soil/ 

Overburden  Preplant  and  Postharvest  Available  Levels  D 

Table  36  -  Correlation  of  Dry  Weight  of  Plants  Versus  Soil/ 

Overburden  Preplant  and  Postharvest  Total  Levels  D 

Table  37  -  Plant  Tissue  Data D 

Table  38  -  Statistical  Analyses:   Plant  Dry  Weight  and  Tissue 

Analysis  D 

Table  39  -  Correlation  Between  Dry  Weight  of  Plants  and  Plant 

Tissue  Analysis  D 


vi 


EXHIBITS 


Follows  Page  (Number) 
or  located  in 
Appendix  (Letter) 


Exhibit  1  -  Screenable  Soil  Characterization  as  Related 
to  Land  Reclamation  


Exhibit  2  -  Soils  and  Water  Laboratory  Procedures  and  References  C 

Exhibit  3  -  Glossary G 

PHOTOGRAPHS 


Photograph  1  -  Aerial  View  of  Representative  Sections  Classified  by 

the  USBR  in  the  Southwest  Glendive  Study  Area  18 

Photograph  2  -  Aerial  View  of  Representative  Sections  Classified  by 
the  USBR  in  the  Upper  Thirteenmile  Creek  Study 
Area 20 

Photograph  3  -  Aerial  View  of  Representative  Sections  Classified  by 

the  USBR  in  the  Woodson  PRLA  Study  Area 20 


VI 1 


RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 

NORTHEAST  MONTANA  INVESTIGATIONS 

DAWSON  AND  MC  CONE  COUNTIES,  MONTANA 


INTRODUCTION 


Recent  energy  shortages  have  forced  our  society  to  seek  new  domestic  energy 
sources.   Attention  has  focused  on  the  immense  quantities  of  low  sulfur  coal 
that  lie  within  the  Rocky  Mountain  and  Northern  Great  Plains  regions.   It  is  the 
responsibility  of  the  Department  of  the  Interior,  principally  the  Bureau  of  Land 
Management,  to  assist  in  meeting  these  energy  demands  and,  at  the  same  time, 
provide  sound  reclamation  guidelines  so  that  the  disturbed  lands  are  restored  to 
an  acceptable  condition. 

PURPOSE 


The  purpose  of  this  report  is  to  provide  baseline  information  for  establishing 
reclamation  objectives  and  lease  requirements.   Detailed  data  is  given  on 
geology,  soil  and  overburden,  and  greenhouse  investigations.   Background  infor- 
mation on  climate  and  physiography  is  also  provided. 

REPORT  OBJECTIVES 

1.  To  provide  information  for  leasing  site  selection  procedures  as  set 
forth  by  the  Secretary  of  the  Interior. 

2.  To  provide  information  needed  to  implement  effective  reclamation  and 
rehabilitation  programs  and  for  the  development  of  meaningful  lease  stipulations 
as  required  by  the  mined  land  reclamation  program. 

3.  To  provide  information  to  support  State  and  local  regional  development 
and  land  use  planning  efforts. 

4.  To  determine  the  present  and  potential  capability  of  the  soils  and 
overburden  to  support  and  maintain  vegetation. 

5.  To  provide  physical  and  chemical  data  on  soils  and  overburden  from 
which  realistic  stipulations  may  be  prepared  for  exploration,  mining,  and  recla- 
mation plans. 

6.  To  provide  data  needed  in  the  preparation  of  Environmental  Impact 
Statements,  Environmental  Analysis  Records,  and  to  aid  in  the  review  of  mining 
and  reclamation  plans  for  proposed  land  disturbing  activities  in  the  vicinity  of 
the  study  area. 

AUTHORITY 

Federal  Land  Policy  and  Management  Act  of  1976  and  Surface  Mining  Control  and 
Reclamation  Act  of  1977. 


RESPONSIBILITY 
BUREAU  OF  LAND  MANAGEMENT 

1.  Selects  the  study  areas  for  soil  and  overburden  investigations. 

2.  Assists  in  selecting  drill  hole  locations. 

3.  Acts  as  Contracting  Officer  in  the  coordination,  establishment,  and 
execution  of  work  orders. 

4.  Procures  easements  and  rights-of-way  to  conduct  the  studies. 

BUREAU  OF  RECLAMATION 

1.  Conducts  drilling  operations  to  describe  core  and  procure  overburden 
samples. 

2.  Summarizes  the  geology  of  the  area. 

3.  Characterizes  and  interprets  suitability  of  overburden  materials 
stratigraphically  above  and  below  the  coal  seams. 

4.  Conducts  a  land  suitability  classification  of  representative  sections 
to  determine  quality,  quantity  (depth),  and  ease  of  stripping  soil  and  overbur- 
den material  for  reclamation  and  revegetation. 

5.  Arranges  for  greenhouse  investigations  to  determine  comparative  revege- 
tation potential  of  selected  soil  and  overburden  materials. 

6.  Coordinates  assembly  and  printing  of  the  final  report. 

GENERAL  DESCRIPTION 

LOCATION 

The  five  study  areas  included  within  the  Northeast  Montana  Investigations  are 
located  between  the  Yellowstone  and  Missouri  Rivers  in  Dawson  and  McCone 
Counties.   These  include  the  Circle  2,  Upper  Thirteenmile  Creek,  Woodson  PRLA, 
Burns  Creek,  and  Southwest  Glendive  Study  Areas.   Plate  1  shows  the  general 
location  of  the  five  study  areas. 

The  Circle  2  Study  Area  is  adjacent  and  northeast  of  Circle,  Montana.   It  inclu- 
des all  of  T.  20  N.,  R.  49  E.;  section  36  of  T.  21  N. ,  R.  48  E.;  sections  20 
through  29  and  31  through  36  of  T.  21  N. ,  R.  49  E.;  sections  1  through  3,  10 
through  15,  22  through  27,  and  34  through  36  of  T.  20  N. ,  R.  48  E.;  sections  1 
through  3  and  12  of  T.  19  N. ,  R.  48  E.;  and  sections  1  through  12  of  T.  19  N. , 
R.  49  E.,  as  shown  on  Plates  2  and  3. 

The  Upper  Thirteenmile  Creek  Study  Area  lies  4  miles  north  of  Bloorafield, 
Montana.   It  includes  the  east  half  of  sections  26  and  35,  and  sections  25  and 
36  of  T.  21  N.,  R.  52  E.;  sections  28  through  34  of  T.  21  N. ,  R.  53  E.;  sections 
12,  13,  and  24  of  T.  20  N. ,  R.  52  N.;  and  sections  1  through  12,  14  through  22, 
29,  30,  and  32  of  T.  20  N. ,  R.  53  N. ,  as  shown  on  Plate  4. 
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The  Burns  Creek  Study  Area  is  Located  17  miles  north  of  Glendive,  Montana.   The 
study  area  includes  sections  22,  25  through  28,  and  32  through  36  of  T.  20  N.  , 
R.  55  E.;  sections  1  through  16,  and  22  through  24  of  T.  19  N. ,  R.  55  E. ;  and 
sections  5  through  8,  17  through  21,  28  through  30,  and  32  of  T.  19  N.  , 
R.  56  E.,  as  shown  on  Plate  5. 

The  Woodson  PRLA  Study  Area  is  the  smallest  of  the  five  sites,  and  is  located 
approximately  28  miles  northeast  of  Glendive,  Montana.   The  study  area  consists 
of  sections  30  through  32  of  T.  21  N.  ,  R.  56  E. ,  and  sections  2  through  4,  10, 
11,  and  14  of  T.  20  N. ,  R.  56  E.,  as  shown  on  Plate  6. 

The  fifth  study  area  is  the  Southwest  Glendive  Study  Area,  which  is  located 

about  6  miles  west  of  Glendive,  Montana.   This  study  area  consists  of 

sections  23  through  26,  35,  and  36  of  T.  16  N. ,  R.  53  E.;  sections  30  through  32 

of  T.  16  N.,  R.  54  E.;  sections  1,  2,  10  through  15,  and  22  through  27  of 

T.  15  N.,  R.  53  E.;  and  sections  5  through  8,  17  through  20,  and  28  through  33 

of  T.  15  N.,  R.  54  E.,  as  shown  on  Plate  7. 

The  majority  of  surface  ownership  in  the  five  study  areas  is  private,  with  the 
remainder  consisting  of  State  and  Federal  lands  as  shown  on  Plates  8  through  13. 
Approximately  one  half  of  the  coal  in  the  study  areas  is  Federally  owned;  also 
shown  on  Plates  8  through  13. 

PRESENT  LAND  USES 

Lands  in  the  Northeast  Montana  Investigations  study  areas  are  presently  used  for 
livestock  grazing  (range)  and  dryland  farming  (small  grains).   Portions  of  the 
study  areas,  particularly  the  woody  draws,  provide  valuable  wildlife  habitat. 

POSTMINING  LAND  USES 

Postmining  land  uses  are  anticipated  to  be  the  same  as  the  present  uses, 
livestock  grazing  (rangeland),  dryland  farming  (cropland),  and  wildlife  habitat. 

An  opportunity  will  exist  during  reclamation  to  convert  some  of  the  present 
rangeland  to  cropland.  This  would  involve  the  reduction  of  existing  steep 
slopes  to  a  more  gently  sloping  condition  conducive  to  cultivation.   This  alter- 
native would  be  at  the  discretion  of  the  landowner(s)  or  land  management  agency 
(BLM,  State)  having  jurisdiction  over  the  land. 


RULES  GOVERNING  MINING  AND  RECLAMATION  OPERATIONS 

In  Montana,  coal  mine  operators  must  comply  with  all  established  rules  pursuant 
to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  (1973).   These  rules 
are  presented  in  Appendix  A  of  the  "Montana  Permanent  Program"  for  regulating 
surface  and  underground  mining  activities. 

The  Montana  Department  of  State  Lands  is  the  regulatory  agency  responsible  for 
administering  this  program. 

OBJECTIVE  OF  RECLAMATION 

Montana  law  presently  requires  the  coal  mine  operator  to  restore  all  disturbed 
areas  "in  a  timely  manner,  either  to  conditions  capable  of  supporting  the  uses 
they  were  capable  of  supporting  before  any  mining  or  to  conditions  capable  of 
supporting  approved  alternative  land  uses.   Alternative  land  uses  may  be 
approved  by  the  Department  of  State  Lands  after  consultation  with  the  landowner 
or  land  management  agency  having  jurisdiction  over  the  lands  ..."   (Rule  XVI, 
5(c)  pursuant  to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  - 
Montana  Permanent  Program). 

Unless  an  alternative  postmining  land  use  is  desired  by  the  landowner(s)  and 
approved  by  the  Montana  Department  of  State  Lands,  the  main  objective  of  recla- 
mation in  the  five  study  areas  would  be  to  establish  a  diverse  vegetative  cover 
with  an  interspersion  of  vegetative  types  over  the  reclaimed  land  capable  of 
supporting  livestock  and  wildlife.   The  integrity  of  the  visual  resource  should 
be  maintained. 
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CLIMATEjj 

The  study  areas  described  in  this  report  ha_ye  a  continental-type,  semiarid  cli- 
mate characterized  by  cold  winters,  warm  summers,  and  large  variations  in  seaso- 
nal precipitation. 

Precipitation 

The  mountains  along  the  Continental  Divide  cause  air  masses  to  rise  and  precipi- 
tate their  moisture,  primarily  on  the  windward  slopes.   The  air  masses  then  warm 
and  dry  as  they  descend  the  leeward  slopes.   As  a  result,  a  "rain  shadow"  is 
created  over  Dawson  and  McCone  Counties.   The  average  annual  precipitation  in 
these  counties  is  about  13  inches. 

Data  from  two  weather  stations  in  Dawson  County  were  used  to  evaluate  precipita- 
tion.  Glendive,  located  along  the  Yellowstone  Valley  (Elev.  -  2076  feet)  in  the 
southeast  part  of  the  county,  records  an  average  annual  precipitation  of 
12.6  inches.   Richey,  located  in  the  uplands  (Elev.  -  2476  feet)  in  the  north- 
west part  of  the  county,  averages  13.4  inches  of  annual  precipitation. 

About  80  percent  of  the  annual  precipitation  normally  occurs  during  the  growing 
season,  April  through  September.   June  is  commonly  the  wettest  month. 

Table  1  lists  the  average  monthly  and  annual  precipitation  values  recorded  at 
Glendive  and  Richey. 

Most  summer  precipitation  occurs  in  showers,  although  steady,  gentle  rains  do 
occur  in  May,  June,  and  September.  Thunderstorms,  most  common  in  July  and 
August,  occasionally  produce  hail  heavy  enough  to  damage  crops. 

Snowfall  usually  averages  about  28  inches  in  the  Yellowstone  Valley  and  slightly 
more  in  the  uplands.   Heavy  snowfalls,  though  uncommon,  may  occur  infrequently 
in  late  winter  or  early  spring. 

Temperature 

Average  daily  maximum  and  minimum  temperatures  per  month  as  recorded  at  Glendive 
and  Richey  are  shown  in  Table  2. 

The  frost-free  period  (>32°  F.),  lasting  from  early  May  through  late  September, 
ranges  from  about  110  days  in  the  uplands  to  more  than  130  days  in  the 
Yellowstone  Valley.   The  growing  season  for  hardy  crops  (>28°  F.)  ranges  from 
about  120  days  in  the  uplands  to  as  much  as  150  days  in  the  Yellowstone  Valley. 
Growth  of  native  range  plants  and  small  grains  is  rapid  during  May  and  June.   By 
about  inid-July,  however,  the  available  soil  moisture  is  usually  depleted  and  the 
plants  mature  or  become  dormant. 

1/  From:   Soil  Survey  of  Dawson  County,  Montana,  Soil  Conservation  Service,  1976. 


Other  Climatic  Factors 

Winds  that  cause  soil  erosion  occur  about  every  month.   The  strongest  winds  are 
generally  from  a  westerly  direction.   Wind  speeds  exceeding  50  miles  per  hour  or 
more  occur  occasionally  during  thunderstorms  or  in  fall  or  winter  when  a  weather 
system  crosses  the  State. 

Sunshine  is  prevalent  about  70  to  80  percent  of  the  time  during  the  summer 
months,  oeing  interrupted  mostly  during  afternoon  showers  or  thunderstorms. 

Effect  of  Climate  on  Revegetation 

Climate  will  be  an  important  controlling  factor  for  revegetation  of  disturbed 
lands.   Late  spring  precipitation,  coupled  with  stored  moisture  from  winter  pre- 
cipitation, will  provide  adequate  soil  moisture  in  most  years  for  establishing 
good  stands  of  native  range  vegetation,  small  grains,  or  other  adapted  plants. 

Revegetation  efforts  could  be  severely  limited  in  years  receiving  less  than 

10  inches  of  precipitation.   Data  recorded  at  Glendive  and  Richey  indicate  about 

a  20  percent  probability  (2  years  in  10)  that  this  condition  could  occur. 

Specific  climatic  factors  that  could  adversely  affect  revegetation  include: 
(1)  below  normal  or  uneven  distribution  of  precipitation,  especially  during  the 
growing  season,  (2)  intense  thunderstorms  or  hailstorms  that  damage  vegetation 
and/or  cause  soil  erosion,  (3)  late  spring  freezes,  and  (4)  depletion  of  soil 
moisture  by  wind.   Additional  on-site  data  collection  will  be  necessary  prior  to 
mining  to  more  accurately  determine  probabilities  of  occurrence  of  these  fac- 
tors.  This  data  can  then  be  used  to  select  best  possible  seeding  times  for 
revegetation. 


Table  1 


Average  Monthly  and  Annual  Precipitation 


Glendive,  Montana  (1932-1961)   1/ 

Month 

Jan   Feb   Mar   Apr    May   June  July   Aug    Sept   Oct    Nov   Dec   Annual 

( Inches) 

0.4   0.4   0.6    1.1    1.6    3.1    1.6    1.5    0.9   0.7    0.4   0.3    12.6 


Richey,  Montana  (1948-1969)  2/ 

Month 

Jan   Feb   Mar   Apr   May   June  July  Aug    Sept   Oct    Nov    Dec   Annual 

(Inches) 

0.4   0.3   0.4   1.2   2.0   2.6   2.2   1.7    1.3   0.6   0.4   0.3    13.4 


1/   Elevation  -  2076  Feet 
2/   Elevation  -  2476  Feet 


Table  2 


Average  Daily  Maximum  and  Minimum  Temperatures  Per  Month 


Glendive,  Montana  (Elevation  -  2076  Feet)   1_/ 
Month  (°F) 
Jan    Feb   Mar    Apr    May    June   July   Aug    Sept   Oct    Nov    Dec    Annual 


Maximum 

27 

31 

43 

60 

73 

80 

90 

89 

77 

64 

44 

34 

59 

Minimum 

4 

6 

19 

33 

44 

53 

59 

56 

44 

34 

21 

11 

32 

Richey,  Montana  (Elevation  -  2476  Feet)   2/ 
Month  (°F) 
Jan   Feb   Mar   Apr   May   June  July  Aug   Sept   Oct   Nov   Dec   Annual 


Maximum 

22 

29 

37 

55 

68 

76 

85 

85 

73 

61 

42 

30 

55 

Minimum 

0 

7 

15 

29 

40 

49 

55 

53 

43 

32 

19 

8 

29 

1/   Recording  Period:   1932-1961 
2/   Recording  Period:   1948-1969 


PHYSIOGRAPHY 

With  one  exception,  the  majority  of  the  five  study  areas  located  within  the 
Northeast  Montana  Investigations  are  situated  in  the  unglaciated  portion  of  the 
Great  Plains  Physiographic  Province.   The  northern  portion  of  the  Circle  2  Study 
Area,  however,  lies  in  the  glaciated  portion  of  this  Physiographic  Province. 

Two  distinct  types  of  topography  present  in  the  area  are  separated  by  the 
Missouri-Yellowstone  River  drainage  divide,  which  trends  northeastward  across 
the  center  of  the  Investigations  area.   Southeast  of  the  divide  are  extensive 
upland  areas  consisting  of  a  series  of  terraces,  one-half  to  3  miles  wide,  which 
extend  for  many  miles  along  the  Yellowstone  River.   These  terrace  levels  range 
from  15  to  more  than  1000  feet  above  the  river.   The  higher  terraces  are  undu- 
lating and  are  dissected  by  streams.   In  some  places  only  isolated  gravel  topped 
buttes  remain.   The  lower  terraces  are  broad,  with  less  dissection. 

A  rugged  topography  is  formed  by  differential  erosion  which,  in  many  places, 
forms  badlands  and  cliffs.   The  general  slope  of  the  area  southeast  of  the 
Missouri-Yellowstone  River  drainage  divide  is  to  the  southeast.   The  northwest 
side  of  the  divide  is  a  rough  escarpment  60  to  200  feet  in  height.   For  the  most 
part,  the  country  northwest  of  the  divide  is  rolling;  however,  it  often  displays 
varied  features  such  as  isolated  buttes,  small  mesas  and  benches. 

The  major  valleys  are  wide  and  open,  with  broad  alluvial  flats  trenched  by 
stream  channels  up  to  30  feet  deep.   The  alluvial  flats  are  commonly  bordered  by 
low  bluffs  and  badlands.   Further  to  the  north,  the  badlands  develop  into  the 
"breaks"  of  the  Missouri  River.   In  general,  the  land  surface  descends  north- 
westward from  the  divide  to  the  Missouri  "breaks." 

The  maximum  relief  of  the  area  is  approximately  1467  feet,  ranging  from  an  ele- 
vation of  3467  feet  (14  miles  southeast  of  Circle,  Montana)  along  the 
Missouri-Yellowstone  River  drainage  divide  to  an  approximate  elevation  of 
2000  feet  (near  Intake,  Montana)  along  the  Yellowstone  River.   Local  relief, 
however,  seldom  exceeds  300  feet.   The  topography  of  the  five  study  areas  are 
shown  on  Plates  2  through  7. 

All  of  the  area  located  southeast  of  the  Missouri-Yellowstone  River  drainage 
divide  (including  the  Upper  Thirteenmile ,  Woodson  PRLA,  Burns  Creek  and 
S.W.  Glendive  Study  Areas)  drains  into  the  Yellowstone  River,  while  the  area 
northwest  of  the  divide  (including  the  Circle  2  Study  Area)  drains  into  the 
Missouri  River  (see  Plate  15).   The  Yellowstone  River  tributaries  are  predomi- 
nantly parallel  and  flow  in  a  southeasterly  direction  toward  the  river.   The 
major  Missouri  River  tributary  in  the  area  is  Redwater  Creek,  which  flows  towards 
the  northeast  along  with  its  numerous  parallel  tributaries. 

The  tributary  streams  of  the  Yellowstone  and  Missouri  Rivers  become  intermittent 
during  the  summer  and  fall.   Although  the  flow  of  these  streams  appears  small, 
it  is  probable  that  a  considerable  amount  of  water  migrates  downstream  in  the 
alluvial  sand  and  gravel  beneath  the  surface.   A  few  small  reservoirs  formed  by 
earth  dams  have  been  constructed  by  ranchers  to  impound  surface  waters,  but  much 
of  their  water  is  soon  lost  through  evaporation  and  seepage. 


GEOLOGY 

Regional  Geology 

The  five  study  areas  in  Dawson  and  McCone  Counties  are  located  on  the  west  edge 
of  the  Williston  Basin  in  northeastern  Montana.   This  basin  is  a  synclinal 
structure  with  a  general  northwest-southeast  trend  extending  from  South  Dakota 
into  Canada,  a  distance  of  about  500  miles. 

The  geologic  history  of  the  area  since  Precambrian  time  includes  periods  of 
deposition,  deformation,  and  erosion.   A  sequence  of  carbonates,  sandstones,  and 
shales,  mostly  of  marine  origin,  were  deposited  throughout  Montana  during  the 
Paleozoic  and  Mesozoic  Eras.   These  sediments  are  about  14,000  feet  thick  in  the 
deepest  part  of  the  Williston  Basin. 

Deformation  of  the  Rocky  Mountains  to  the  west  and  associated  uplifting  of  the 
Great  Plains  area  in  Montana  began  with  the  Laramide  Revolution  at  the  close  of 
Cretaceous  time.   Intermittent  uplifting  continued  through  the  Paleocene  and 
ended  in  Eocene  time.   Materials  eroded  from  the  highlands  buried  the  mountain 
flanks  and  spread  in  thick  sheets  over  most  of  the  Great  Plains  by  the  middle  of 
the  Cenozoic  Period.   A  second  regional  uplift  which  occurred  during  Pliocene 
and  Pleistocene  times  elevated  sediments  to  their  present  position.   Streams 
rejuvenated  by  the  uplift  began  stripping  Tertiary  strata  from  the  Great  Plains 
and  exhuming  the  buried  mountain  masses  to  the  west.   The  prominent  preglacial 
drainages  of  the  area  were  the  ancestral  Redwater  and  Yellowstone  Rivers. 

During  the  Pleistocene  Epoch,  several  continental  ice  sheets  advanced  into 
Montana  and  terminated  immediately  to  the  north  of  the  Investigations  areas. 
The  extreme  northern  portion  of  the  Circle  2  Study  Area  was  invaded  by  at  least 
one  ice  sheet,  and  consequently  is  covered  by  glacial  debris  which  was  deposited 
during  the  advance  and  retreat  of  glacial  ice.   A  much  more  pronounced  effect  of 
glaciation  upon  the  Northeast  Montana  Investigations  areas  were  the  creation  of 
several  proglacial  lakes  which  formed  just  beyond  the  outer  limits  of  the  fron- 
tal moraine  or  ice  sheet;  most  notably  along  the  valleys  of  Redwater  Creek  and 
the  Yellowstone  River,  which  were  dammed  by  the  advancing  glacial  ice. 

Today,  shales,  siltstones,  sandstones,  and  lignite  of  Upper  Cretaceous  and 
Paleocene  age  are  exposed  in  the  east-central  part  of  Montana.   Quaternary  gla- 
cial, proglacial,  terrace,  eolian,  and  alluvial  deposits  mantle  the  bedrock  in 
parts  of  the  five  study  areas.   Plate  14  is  a  generalized  regional  geologic  map 
showing  the  bedrock  and  southern  limits  of  glaciation  in  the  area. 

Area  Geology 

Investigations 

Surface  and  subsurface  investigations  were  conducted  by  the  Bureau  of 

Reclamation  in  the  five  study  areas  in  northeastern  Montana  during  the  winter 

and  spring  of  1981.   These  investigations  included  preparing  a  map  of  the  sur- 
face geology  and  drilling  a  series  of  core  holes. 

Previous  geologic  investigations  covering  the  area  were  very  useful  in  preparing 
this  report  (see  bibliography).   Four  of  the  references  that  were  used  to  pre- 
pare the  surface  geologic  map  of  the  area  are:   (1)  Montana  Bureau  of  Mines  and 
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Geology,  Memoir  No.  14,  Plate  8,  compiled  by  E.S.  Perry,  1935,  (2)  U.S. 
Geological  Survey  Miscellaneous  Investigations  Map  1-327,  Glacial  Map  of  Montana 
East  of  the  Rocky  Mountains,  by  R.B.  Colton,  et.  al . ,  1961,  (3)  U.S.  Geological 
Survey  Professional  Paper  174,  Physiography  and  Glacial  Geology  of  Eastern 
Montana  and  Adjacent  Areas,  by  W.C.  Alden,  1932;  and  (4)  U.S.  Geological  Survey, 
Geologic  Map  of  Montana,  by  C.P.  Ross,  et .  al . ,  1955.   The  surface  geologic  map 
(Plate  15)  was  further  modified  by  incorporating  data  from  the  USBR  drill  holes 
located  in  the  study  areas. 

Nine  drill  holes  ranging  in  depth  from  140  to  270  feet  were  completed  in  the 
five  study  areas.   The  locations  of  the  drill  holes  are  plotted  on  the  Geologic 
and  Investigations  Map,  Plate  15.   Detailed  geologic  logs  are  shown  on  Plates  16 
through  24  in  Appendix  B.   Drilling  was  performed  by  Failing  314-C  and  1500 
rotary  drills  using  wireline  tools  with  an  "H"  series  core  barrel.   Except  for 
drive  sampling  in  overlying  surficial  deposits  with  a  Bx  casing  drive  barrel, 
all  drilling  was  done  using  bottom  discharge  core  bits  with  tungsten  carbide 
inserts. 

Water  was  used  as  a  drill  fluid  in  all  holes.   The  organic  polymer,  "Revert," 
was  used  in  the  drilling  fluid  in  fractured  or  jointed  rock,  where  circulation 
was  lost.   After  completion,  all  drill  holes  in  the  study  area  were  backfilled 
with  a  sand-cement  slurry. 

Continuous  cores  were  obtained  from  all  holes  for  geologic  logging.   The  core 
was  immediately  placed  in  boxes  and  wrapped  with  plastic  to  prevent  drying  until 
it  could  be  logged  and  sampled.   Samples  were  taken  from  representative  core 
material  from  the  study  area  as  follows: 

1.  Typical  overburden  (6-inch  core  lengths)  and  coal  samples 
(approximately  5-pound  bags)  from  each  drill  hole  were  shipped  to  the  U.S. 
Geological  Survey  Coal  Resources  Laboratory  in  Denver,  Colorado.   The  samples 
were  for  their  information  and  test  results  are  not  included  in  this  report. 

2.  Overburden  samples  of  all  major  stratigraphic  units  in  each  drill  hole 
(approximately  8-pound  bags)  were  tested  for  suitability  in  reconstructed  profi- 
les by  Bureau  of  Reclamation  Soils  Laboratories  in  Bismarck,  North  Dakota,  and 
Boise,  Idaho.   Test  results  are  graphically  shown  on  the  geologic  logs 

(Plates  16  through  24,  Appendix  B)  and  listed  in  Tables  11  through  19, 
Appendix  C. 

Stratigraphy 

The  oldest  rocks  exposed  near  the  study  areas  are  of  Upper  Cretaceous  age.   The 
Cretaceous  Pierre  Shale,  Fox  Hills  Sandstone,  and  the  Hell  Creek  Formation  crop 
out  along  the  Cedar  Creek  Anticline  near  Glendive,  Montana,  and  occur  imme- 
diately to  the  east  of  the  Southwest  Glendive  Study  Area.   The  only  bedrock  unit 
exposed  in  the  five  study  areas  is  the  overlying  Paleocene  Fort  Union  Formation. 
In  Montana,  the  Fort  Union  Formation  is  divided  into  the  Tullock  Member  (lower), 
the  Lebo  Shale  (middle),  and  the  Tongue  River  Member  (upper).   Of  these,  only 
the  Lebo  Shale  and  the  Tongue  River  Member  are  exposed  in  the  five  individual 
study  areas.   The  Fort  Union  Formation  is  stratigraphically  overlain  by  the 
Eocene  Wasatch  Formation,  which  has  been  entirely  removed  from  the  area  by  ero- 
sion.  In  northeastern  Montana,  the  Fort  Union  sandstones,  siltstones,  shales 


and  lignite  beds  are  Local iy  overlain  by  Miocene  (Pliocene?)  to  Pleistocene  grav- 
el terrace  deposits,  Pleistocene  glacial  till,  glacial  and  proglacial  outwash 
deposits,  proglacial  lake  deposits,  and  Holocene  aliuvium  (Plate  15), 

Pierre  Shale  -  Cretaceous 


The  Pierre  Shale  is  exposed  along  the  Yellowstone  River  valley  to  the  east  of 
the  Southwest  Giendive  Study  Area,  in  the  southern  portion  of  T.  15  N. , 
R.  55  E.,  and  the  eastern  portion  of  T.  15  N. ,  R.  54  E.   The  Pierre  Shale  is  a 
dark,  gray,  bentonitic  marine  shale  with  an  upper  sandy  part.   Hence,  the  tran- 
sition between  the  Pierre  and  the  overlying  Fox  HilLs  Sandstone  is  gradational. 
The  upper  part  of  the  Pierre  Shale  is  approximately  equivalent  to  the  Bearpaw 
Shale  which  crops  out  extensively  in  east-central  Montana.   In  eastern  Montana, 
the  Pierre  Shale  is  about  1000  feet  thick. 

Fox  Hills  Sandstone  -  Cretaceous 


The  Fox  Hills  is  exposed  along  the  Yellowstone  River  in  the  eastern  portion  of 
T.  15  N.,  R.  54  E.,  the  northern  part  of  T.  15  N. ,  R.  55  E.,  the  southern  part 
of  T.  16  N.,  R.  55  E.,  and  the  western  part  of  T.  15  N. ,  R.  56  E.   The  lower 
part  of  the  Fox  Hills  is  composed  of  yellow  shaly  sandstone  interbedded  with 
gray  silty  sandstone,  and  the  upper  part  is  a  massive  white  to  light  gray  fine- 
to  medium-grained  sandstone.   The  Fox  HilLs  sandstone  attains  a  thickness  of 
approximately  200  feet  in  the  area. 

Hell  Creek  Formation  -  Cretaceous 

The  Hell  Creek  Formation  (not  exposed  in  any  of  the  five  study  areas)  crops  out 
in  a  belt  around  the  plunging  nose  of  the  Cedar  Creek  Anticline  within  T.  15  N. , 
Ranges  54,  55,  and  56  E.,  and  T.  16  N. ,  Ranges  54,  55,  and  56  E.   The  Hell  Creek 
consists  of  brownish  gray  sandstone  interbedded  with  carbonaceous  shale  and  gray 
silty  mudstone.   Shaly  lignite  is  also  present.   The  Hell  Creek  Formation 
attains  a  thickness  of  approximately  500  feet  in  eastern  Montana. 

Fort  Union  Formation  -  Paleocene 

Tuliock  Member  -  The  Tullock  Member  is  the  lowest  unit  of  the  Fort  Union 
Formation  and  crops  out  along  the  valley  of  the  Yellowstone  River  in  an  arcuate 
belt  surrounding  Giendive,  Montana  (Plate  15).   It  consists  of  an  alternating 
sequence  of  unceraented,  fine-grained,  tan  to  light  gray  sandstone,  medium  gray 
clay  shale,  and  black  carbonaceous  shale.   The  dark  carbonaceous  shale  commonly 
has  streaks  and  thin  beds  of  lignite  from  5  to  30  feet  apart.   The 
Tullock  Member  does  not  crop  out  in  any  of  the  five  study  areas.   The  Tullock  is 
approximately  200  feet  thick  in  the  area. 

Le^o_SJial_e_Memt>e_r  -  The  Lebo  Shale  is  the  oldest  member  of  the  Fort  Union 
Formation  exposed  in  any  of  the  study  areas  (Southwest  Giendive  Study  Area, 
Plate  15).   The  Lebo  consists  of  predominantly  dark  shales  interbedded  with 
brown  to  black  carbonaceous  shale,  siltstone,  and  locally  thin  coalbeds.   Shales 
contain  altered  and  devitrified  volcanic  ash  and  reddish  brown  ferruginous 
concretions.   White  to  light  gray,  argillaceous,  crossbedded,  and  Lenticular 
sandstones  occur  locally.   The  Lebo  Shale  generally  erodes  to  large  flat  plains 
due  to  the  lack  of  resistant  horizons.   This  member  commonly  supports  sparse 
vegetation.   The  Lebo  Shale  is  approximately  300  feet  thick. 
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EXPLANATION 

Unconsolidated  sand,  silt,  and  gravel.   Locally  contains  buried 
Pleistocene/Holocene  outwash  channel  deposits. 

Unconsolidated  sand,  silt,  and  clay  lake  deposits  formed  at  the  outer 
margin  of  glacial  advance.   Dashed  line  shows  outer  limit;  locally 
absent  due  to  erosion. 

Morainal  deposits  of  clay,  silt,  sand,  and  boulders  deposited  by 
advancing  and/or  retreating  glaciers . 

Unconsolidated  silt,  sand,  gravel,  and  cobble  deposits  up  to  90  feet 
thick.   Base  of  deposit  has  a  downward  gradient  toward  Yellowstone 
River.   (Third  Cartwright  terrace. ) 

Unconsolidated  to  locally  cemented  sand,  gravel,  cobbles,  and  volcanic 
ash  deposited  on  a  planated  erosional  surface.   Flaxville  Plain  extends 
to  higher  elevations  and  may  locally  contain  isolated  gravel  deposits. 
About  30  feet  thick. 

Interbedded  shale,  siltstone,  sandstone,  and  lignite.   About  900  feet 
thick.   Includes  baked  sediments  (clinker)  produced  by  burning  of  coal- 
beds  . 

Dark  shale, interbedded  carbonaceous  shale,  siltstone,  thin  lignite 
beds,  and  sandstone.   About  300  feet  thick. 

Generally  uncemented  sandstone  with  clay  shale,  carbonaceous  shale, 
siltstone,  and  some  lignite.   About  200  feet  thick. 

Moderately  cemented ,  discontinuous  sandstone,  shale,  clay  shale,  and 
thin  limestone  beds.   About  500  feet  thick. 

Moderately  cemented  sandstone,  shaly  sandstone,  and  silty  sandstone. 
About  200  feet  thick. 

Dark  gray,  bentonitic  shale  with  calcareous  and  ferruginous  concre- 
About  1000  feet  thick. 


Geologic  contact. 
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Tongue  River  Member  -  The  Tongue  River  Member  is  the  uppermost  nember  of  the 
Fort  Union  Formation,  and  crops  out  in  aii  five  of  the  individual  study  areas 
(Plate  L5).   The  Tongue  River  Member  consists  of  an  aiternating  sequence  of 
sandstone,  siitstone,  shaie,  carbonaceous  shaie  and  coal  with  thin  calcareous  or 
siliceous  cemented  concretions.   In  general,  the  sandstones  are  fine-grained  and 
uncemented  except  for  lenticular,  concretionary  masses  of  smalL  lateral  extent. 
Shales  vary  from  soft,  plastic  clayshale  to  moderately  indurated  claystone.   The 
shale  and  siitstone  zones  break  down  readily  and  form  slopes  below  sandstone 
ledges.   Correlation  of  clastic  sediments  over  short  distances  is  difficult  due 
to  facies  changes,  channeling,  and  variation  in  bedding  thickness.   Laboratory 
analyses  conducted  on  core  samples  from  other  study  areas  indicate  that  chemical 
and  physical  properties  of  the  bedrock  cannot  generally  be  projected  between 
drill  holes.   Weathered  exposures  are  pale  olive  or  yellowish  gray  in  color, 
while  fresh  core  samples  vary  from  light  to  dark  gray.   The  Tongue  River  sedi- 
ments were  deposited  in  a  continental  environment  which  included  swamps  con- 
ducive to  the  production  of  thick  coalbeds.   Coal  and  carbonaceous  zones  serve 
as  excellent  marker  beds  as  they  can  generally  be  traced  laterally  over  great 
distances.   The  Tongue  River  Member  attains  a  thickness  of  approximately 
900  feet  in  the  area. 

One  striking  feature  of  the  Fort  Union  Formation  is  the  resistant  clinker  zones, 
locally  called  "scoria,"  that  cap  ridges  and  buttes  or  armor  valley  walls.   The 
clinker,  which  is  fused  or  baked  rock,  was  produced  by  the  burning  of  coalbeds 
along  and  back  from  the  outcrops.   In  places  where  the  heat  was  sufficiently 
intense,  the  clinker  has  been  fused  to  a  dark-gray,  lightweight  rock  similar  in 
appearance  to  vesicular  basalt.   Near  the  outer  edge  of  thermal  metamorphism, 
the  rock  is  disoriented,  baked,  and  red  to  orange  in  color.   Alteration  of  the 
overlying  material  is  roughly  twice  to  the  original  thickness  of  coal  that  has 
burned.  A  coalbed  30  feet  thick  will  produce  clinker  zones  50  to  75  feet  thick. 
The  clinker  is  highly  permeable  and  locally  supplies  water  for  springs  and 
wel  Ls. 

Wasatch  Formation  -  Eocene 

The  Fort  Union  Formation  is  stratigraphically  overlain  by  the  Wasatch  Formation 
of  Eocene  age.   These  sediments  have  been  eroded  from  the  study  area  but  crop 
out  in  southeastern  Montana.   Its'  stratigraphic  equivalent  (the  Golden  Valley 
Formation)  is  also  present  in  isolated  areas  in  west  central  North  Dakota.   The 
Wasatch  Formation  consists  of  light  colored  thin  bedded  to  massive  sandstone, 
drab  colored  shale  and  coal, 

Flaxville  Gravel  -  Miocene  or  Pliocene 

The  Flaxville  Gravel  caps  remnants  of  the  formerly  extensive  peneplain  surface, 
called  the  Flaxville  Plain.   Although  limits  are  delineated  for  the  Flaxville 
Gravel  on  Plate  15,  isolated  patches  of  the  gravel  can  also  be  expected  to  crop 
out  at  higher  elevations  along  the  divide  between  the  Yellowstone  and  Missouri 
Rivers.   Where  the  Flaxville  gravel  occurs  south  of  the  limits  of  continental 
glaciation,  the  terrace  deposits  are  overlain  by  a  thin  mantle  of  eolian 
material.   The  Flaxville  is  composed  of  unconsolidated  to  locally  cemented 
(calcium  carbonate)  rounded  cobbles,  gravel,  sand,  and  volcanic  ash.   The  base 
of  the  Flaxville  Gravel  has  a  gentle  downgradient  toward  the  Yellowstone  River 
and  lies  approximately  650  feet  above  the  river  northwest  of  the  city  of 
Glendive. 
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Cartwright  GraveL  -  Pleistocene 

The  Cartwright  Gravel  was  deposited  by  the  preglacial  Missouri  and  Yellowstone 
Rivers  and  their  tributaries  on  the  Missouri  Plateau  peneplain  erosional  sur- 
face.  The  Cartwright  is  largely  confined  to  the  broad  upland  area  between  the 
Missouri-Yellowstone  River  drainage  divide  and  the  Yellowstone  River  valley. 
Plate  15  identifies  the  Cartwright  Gravel  as  only  occurring  in  the  Southwest 
Glendive  Study  Area;  however,  it  extends  to  the  northeast  along  the  Yellowstone 
River  at  approximately  the  same  elevation.   Similar  to  the  Flaxvilie  Gravel,  the 
Cartwright  is  overlain  by  eolian  material  in  areas  south  and  west  of  the 
furthest  glacial  advance.   The  Cartwright  is  composed  of  unconsolidated  silt, 
sand,  gravel,  and  cobbles,  which  in  part  may  be  rewotked  Flaxvilie  material. 
However,  the  Cartwright  also  commonly  contains  clinker  and  soft  Fort  Union 
Formation  sandstones.   The  Cartwright,  although  undifferentiated  on  Plate  15, 
contains  up  to  four  distinct  terrace  levels  from  170  to  600  feet  above  the 
Yellowstone  River.   The  Cartwright  Gravel  attains  a  thickness  of  up  to  90  feet 
in  the  Southwest  Glendive  Study  Area.   Although  not  shown  on  Plate  15,  up  to 
four  lower  gravel  terrace  levels  (including  the  Crane  Creek)  are  present  at 
lower  elevations  and  nearer  to  the  Yellowstone  River  valley,  from  12  to  50  feet 
above  the  present  level  of  the  river. 

Glacial  Till  -  Pleistocene 

The  glacial  till  deposits  consist  of  a  heterogeneous  mixture  of  clay,  silt, 
sand,  gravel,  cobbles,  and  boulders  deposited  by  one  or  more  continental  gla- 
ciers.  The  maximum  extent  of  glaciation  terminated  immediately  to  the  north  and 
northeast  of  the  study  areas  (Plate  15).   The  northeastern  portion  of  the 
Circle  2  Study  Area  is  the  only  one  of  the  five  study  areas  to  contain  glacial 
till  deposits.   Where  it  occurs,  it  ranges  from  a  thin  veneer  covering  the 
higher  topographic  surfaces  to  over  100  feet  thick  where  it  was  deposited  in 
preglacial  valleys.   Buried  outwash  channels  of  silt  and  sand  can  be  expected  to 
occur  within  the  till  deposits  as  well. 

Proglacial  Lacustrine  -  Pleistocene 

During  glaciation,  advances  of  ice  and  the  resulting  deposition  of  till  over 
preexisting  drainages  (Redwater  Creek  and  Yellowstone  River)  caused  a  natural 
dararaing-up  of  the  streams  which  resulted  in  the  creation  of  proglacial  Lakes 
Circle  and  Glendive.   Plate  15  shows  the  maximum  extent  of  these  lakes  within 
the  Northeastern  Montana  Investigations  Study  Areas.   Portions  of  the  Circle  2 
Study  Area  lie  within  the  boundaries  of  proglacial  Lake  Circle,  while  portions 
of  the  Southwest  Glendive,  Burns  Creek,  and  Woodson  PRLA  Study  Areas  lie  within 
the  boundaries  of  proglacial  Lake  Glendive.   Although  the  maximum  extent  of  the 
proglacial  lakes  are  shown  on  Plate  15,  consequent  erosion  has  locally  removed 
the  fine  sand,  silt,  and  clay  deposited  by  the  lakes.   After  glaciation,  con- 
sequent erosion  breached  the  natural  dams  and  drained  the  short-lived  lakes. 

Windblown  (loess)  -  Pleistocene  and  Holocene 

Windblown  silt  and  sand  are  locally  present  in  the  area  and  overlie  every  type 
of  deposit.   These  deposits  are  thin  and  discontinuous  and  are  not  shown  on  the 
geologic  map  (Plate  15). 
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Alluvium  -  Holocene 

Alluvial  deposits  consist  of  unconsolidated  clay,  silt,  sand,  and  gravel  that 
cover  the  modern  valley  floors  in  the  area.   Although  it  is  present  in  most  of 
the  smalL  valleys  of  the  area,  it  was  only  mapped  along  the  major  drainage 
systems.   The  alLuviura  is  as  much  as  30  feet  thick,  in  steeply  cut  banks  along 
entrenched  stream  valleys,  and  may  exceed  100  feet  thick  in  the  Yellowstone 
Valley.   Local Ly,  the  alluvium  may  contain  buried  PLeistocene  outwash  channel 
deposits  and  lower  level  gravel  terrace  deposits. 

Structure 

The  study  areas  within  the  Northeast  Montana  Investigations  lie  on  the  western 
flank  of  the  Williston  basin.   The  southern  part  of  the  area  is  on  the  plunging 
nose  of  the  Cedar  Creek  Anticline,  a  long  linear  uplift  whose  axis  trends  north- 
west and  passes  about  8  miles  southwest  of  Glendive,  Montana.   The  Sheep 
Mountain  Syncline  is  located  to  the  southwest  and  parallels  the  Cedar  Creek 
Anticline.   The  Sheep  Mountain  Syncline  approaches  the  center  of  the 
Investigations  area  and  may  correlate  with  the  Blood  Creek  Syncline  which  trends 
predominantly  westward,  located  to  the  south  of  Circle,  Montana.   Near  the 
intersection  of  the  Blood  Creek  Syncline  with  the  Sheep  Mountain  Syncline  lies  a 
small  structural  basin  called  the  Circle  basin.   Bordering  the  Circle  basin  to 
tne  northeast  is  the  Redwater  Anticline,  which  similar  to  the  Cedar  Creek 
Anticline,  trends  northwest.   Plate  15  shows  the  location  of  all  the  structural 
features  of  the  area. 

The  dip  of  the  beds  in  the  area  is  slight,  generally  ranging  from  10  to  50  feet 
per  mile  but  increasing  to  as  much  as  250  feet  per  mile  near  local  structures. 
The  direction  of  the  dip  is  toward  the  center  of  the  Williston  basin  which  is 
predominantly  northeastward  for  the  majority  of  the  area  and  southeastward  near 
Circle,  Montana. 

Small  local  faults  are  common  in  the  weak,  plastic,  carbonaceous  shales  imme- 
diately above  or  below  lignite  beds  contained  within  the  Fort  Union  Formation. 
Displacements  along  these  fractures  probably  do  not  exceed  5  feet;  however, 
Banet  (1979)  notes  the  presence  of  possibly  large  normal  faults  in  Sec.  23, 
T.  17  N.,  R.  53  E.,  and  Sec.  7,  8,  17,  18,  and  29,  T.  16  N. ,  R.  54  E.,  of  inde- 
terminate displacement. 

Paleontology 

Geologic  investigations  did  not  reveal  any  significant  or  unusual  paleon- 
tological  sites  in  the  study  areas.   Fossils  found  in  drill  core  samples 
included  calcareous  shell  fragments  (pelecypod  ?).   Plant  fossils  found  con- 
sisted of  carbonaceous  impressions  of  leaves  and  twigs.   None  of  these  were 
collected  for  identification. 

Mineral  Resources 

An  important  economic  resource  of  the  area  at  the  present  time  is  petroleum. 
Oil  and  gas  reserves  have  largely  been  recovered  from  Paleozoic  rocks  at  depths 
of  9,000  to  13,000  feet. 
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Lignite  is  also  an  important  economic  resource  found  in  the  five  study  areas. 
Lignite  has  been  mined  in  northeastern  Montana  on  a  smaii  scale  for  a  number  of 
years.   There  are  several  lignite  beds  in  the  area  thick  enough  to  economically 
mine  along  with  numerous  very  thin  beds  and  stringers.   Further  information  con- 
cerning Lignite  is  presented  later  in  this  report. 

Other  minerals  of  minor  economic  significance  which  have  been  produced  within 
the  area  include  bentonite  from  bentonitic  shales  of  the  Fort  Union  Formation, 
sand  and  gravel  from  terrace  or  alluvium  deposits,  and  baked  shale  (scoria)  from 
above  burned  out  coalbeds  in  the  Tongue  River  Member  of  the  Fort  Union 
Formation. 

Lignite  Beds 

Approximately  15  lignite  beds  greater  than  0.4  foot  thick  were  penetrated  by 
U.S.  Bureau  of  Reclamation  drilling  within  the  Northeast  Montana  Investigations. 
No  one  drill  hole  penetrated  all  lignite  beds.   Of  these,  six  continuous  beds 
are  present,  four  of  which  are  fairly  thick.   The  remaining  beds  are  of  varying 
thickness  and  have  little  continuity.   Additionally,  several  zones  were 
penetrated  containing  thin,  wispy  lignitic  laminations  (often  crossbedded)  which 
may  correlate  with  thin  lignite  beds  in  other  locations.   The  six  major  lignite 
beds,  from  oldest  to  youngest,  that  were  penetrated  by  drilling  are:   (1)  S-bed; 
(2)  L-bed;  (3)  R-bed;  (4)  Second  Pust  Bench;  (5)  Pust;  and  (6)  Peuse.   Plate  25 
shows  the  general  stratigraphic  sections  of  the  major  lignite  beds  encountered 
in  the  five  study  areas. 

Due  to  the  wide  spacing  of  drill  hole  information  of  the  present  study,  coal 
resource  data  and  structure/overburden  contours  were  not  be  determined.   The 
U.S.  Geological  Survey,  however,  has  provided  coal  resource  data  for  several  of 
the  individual  study  areas.   The  following  U.S.G.S.  Open  File  Reports  provide 
coal  resource  data  for  the  following  areas:   (1)  U.S.G.S.  Open  File  Report 
76-617  (Spencer,  1976)  (Burns  Creek  -  Thirteenmile  Creek);  (2)  U.S.G.S.  Open 
File  Report  78-367  (Wincentsen,  1978)  (Circle);  and  (3)  U.S.G.S.  Open  File 
Report  79-275  (Banet,  1979)  (West  Glendive).   The  remainder  of  this  section  will 
discuss  the  general  trends  of  the  lignite  deposits  found  in  the  five  individual 
study  areas  of  the  Northeast  Montana  Investigations  based  on  the  data  from  the 
nine  USBR  drill  holes. 

S-,  L-,  R-  Beds_  -  The  S- ,  L-,  and  R-beds  were  the  only  significant  lignite  beds 
encountered  by  U.S.  Bureau  of  Reclamation  drilling  in  the  Circle  2  Study  Area. 
Witnin  the  Circle  2  Study  Area  the  S-bed  attains  an  average  thickness  of 
14.3  feet  (from  10.1  to  18.4  feet).   Approximately  40  feet  above  the  S-bed  lies 
the  L-bed.   The  L-bed  ranges  in  thickness  from  0.6  to  3.5  feet  thick  (average 
thickness  of  2.1  feet)  and  is  found  in  two  benches  (average  interburden  of 
9  feet).   The  R-bed  lies  approximately  30  feet  above  the  L-bed  and  attains  an 
average  thickness  of  3.5  feet  (from  2.5  to  4.4  feet).   The  R-bed  is  found  in  two 
to  three  benches,  with  an  average  interburden  thickness  of  6.7  feet. 

Second  Pust  Bench  -  The  Second  Pust  Bench  was  encountered  in  the  Upper 
Thirteenmile  Creek,  Woodson  PRLA,  and  Burns  Creek  Study  Areas.   The  Second  Pust 
Bench  attains  a  thickness  of  approximately  8.2  feet  in  the  Woodson  PRLA  Study 
Area  and  0.7  feet  thick  in  the  Burns  Creek  Study  Area.   Within  the  Thirteenmile 
Creek  Study  Area,  this  bed  averages  4.4  feet  thick  (from  7.7  to  1.0  feet)  and 
contains  up  to  two  benches  (average  interburden  of  1.1  feet).   The  Second  Pust 
Bench  lies  approximately  400  feet  above  the  R-bed. 
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Pust  Bed  -  The  Pust  lignite  bed  lies  from  0.5  to  24.1  feet  (average  13  feet) 
aoove  the  Second  Pust  Bench.   The  Pust  bed  is  the  thickest  and  most  continuous 
of  the  lignite  beds  in  the  area,  and  attains  a  thickness  of  28.0  feet  in  the 
Woodson  PRLA  Study  Area,  an  average  thickness  of  19.8  feet  (from  17.3  to 
22.3  feet)  in  the  Upper  Thirteenmile  Creek  Study  Area,  and  an  average  thickness 
of  34.0  feet  (from  33.6  to  34.3  feet)  in  the  Burns  Greek  Study  Area.   The  Pust 
Bed  contains  three  benches  in  the  Upper  Thirteenmile  Creek  and  Burns  Creek  Study 
Areas  with  respective  average  interburden  thicknesses  of  4.9  feet  and  4.6  feet. 

Prichard  and  Landis  (1975)  indicate  that  the  Pust  lignite  bed  is  very  exten- 
sively burned  (clinkered)  along  its  outcrop  to  as  much  as  50  feet  thick  in 
T.  21  N.,  R.  56  E.   Culbertson  (1954),  in  describing  the  Pust  bed  immediately  to 
the  north  of  the  Northeastern  Montana  Investigations  Study  Areas,  places  the 
Pust  about  525  feet  above  the  base  of  the  Tongue  River  Member  of  the  Fort  Union 
Formation. 

Peuse  Bed  -  The  Peuse  bed,  as  described  by  Banet  (1979),  was  encountered  in  the 
Southwest  Glendive  Study  Area.   Here,  the  Peuse  attains  an  average  thickness  of 
16.3  feet  (from  15.4  to  17.1  feet).   The  Peuse  contains  from  one  to  two  benches, 
with  an  average  interburden  thickness  of  0.6  feet.   The  Peuse  lignite  bed 
encountered  in  the  Southwest  Glendive  Study  Area  may  correlate  to  the  Pust  bed 
further  to  the  northeast. 

Engineering  Geology 

Stability  of  Excavation  Slopes 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the  study 
areas  within  the  Northeast  Montana  Investigations.   The  physical  property  test 
results  for  this  study  area  should  be  similar  to  those  of  Fort  Union  Formation 
samples  tested  at  the  Otter  Creek  Study  Site,  Montana  (EMRIA  Report  No.  1). 

Shear  strengths  of  the  material  are  low,  especially  in  a  saturated  condition. 
Slides  could  easily  develop  adjacent  to  high  walls  in  surface  mines,  par- 
ticularly along  beds  of  weak,  plastic,  carbonaceous  shales  which  are  typically 
cut  by  inherent  slickensides.   Adequate  drainage  will  have  to  be  maintained  to 
relieve  pore  water  pressure  in  the  overburden  as  mine  excavations  progress. 

Saturated,  uncemented  siltstones  and  fine-grained  sandstones  will  readily  erode 
and  flow  into  excavations.   This  problem  is  sometimes  encountered  in  drilling 
when  the  walls  of  holes  collapse  or  slough.   Depth  of  excavation  will  be  limited 
by  the  water  table  until  these  materials  are  dewatered. 

Excavation  slopes  will  vary  considerably  between  mine  sites  and  will  be  depen- 
dent on  exposure  time,  moisture  conditions,  material  types,  and  depth  of  cut. 
Detailed  engineering  studies  of  the  overburden  will  be  required  at  each  location 
for  use  in  determination  of  designed  slopes. 

Studies  conducted  at  the  Otter  Creek  site  indicate  that  disturbed  overburden 
(spoil  banks  and  piles)  should  have  slopes  not  greater  than  4  to  1  with  berms  of 
50  to  100  feet  in  width  designed  on  the  slope  surface. 
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Overburden  Expansion 

Overburden  volumes  expand  as  the  materials  are  broken  up  during  mining.   The 
increase  in  volume  (bulking  or  swell)  differs  for  various  types  of  soil  and 
rock.   Soft  sandstones  and  shales  in  the  Fort  Union  Formation  will  probably 
expand  about  25  percent.   In  some  cases,  the  surface  of  the  replaced  overburden 
will  be  higher  after  mining  than  the  ground  surface  was  before  disturbance. 

Instability  of  the  Postmining  Landscape^.' 

Three  types  of  instability  are  common  on  reclaimed  coal  mined  areas  in  the 
Northern  Great  Plains.   They  are:   (1)  area-wide  settling;  (2)  localized 
collapse;  and  (3)  piping.   Each  type  of  instability  is  affected  by  variables  in 
the  postmining  landscape.   These  include  the  physical  and  chemical  charac- 
teristics of  the  overburden,  methods  and  equipment  used  in  stripping  and  con- 
touring operations,  and  the  season  when  these  activities  occur. 

Axea-wide  settling  is  common  in  most  postmining  landscapes,  but  appears  to  cause 
only  minimal  disruption.   This  settlement  will  generally  be  most  pronounced 
during  the  first  year  and  will  continue  at  a  decreasing  rate  with  the 
progression  of  time. 

The  texture  of  the  overburden  will  have  a  marked  influence  on  settlement.   Fine- 
textured  (clayey)  overburden  usually  results  in  a  more  blocky  and,  initially, 
more  porous  spoils  than  does  coarse-textured  (sandy)  overburden.   Therefore,  a 
lesser  degree  of  settlement  is  expected  in  areas  of  largely  sandy  spoils  than  in 
areas  of  clayey  spoils. 

Equipment  is  also  a  critical  factor.   Settlement  is  significantly  less  in 
scraper-contoured  areas  than  in  dozer-contoured  areas,  especially  if  contouring 
is  conducted  in  midwinter.   This  is  because  a  greater  degree  of  compaction  is 
achieved  in  scraper-contouring  operations  than  in  dozer-contouring  operations. 

Local  collapse  features  develop  soon  after  contouring  and  usually  complete  devel- 
opment within  a  year.  They  commonly  occur  in  precontouring  valley  areas  where 
frozen  spoil  blocks  are  concentrated  by  final,  midwinter  dozer  contouring. 
Thawing  of  these  blocks  results  in  local  surface  subsidence.   In  contrast,  areas 
contoured  in  midwinter  with  a  scraper  are  stable  because  large  blocks  of  frozen 
spoil  are  broken  apart,  spread,  and  compacted.   This  type  of  landscape  instabi- 
lity is,  therefore,  largely  equipment  and  seasonally  controlled. 

Piping  appears  to  be  a  severe  and  long-term  problem  in  some  postmining  landscapes, 
Development  usually  begins  soon  after  contouring  and  may  continue  for  several 
years.   In  some  postmining  landscapes,  piping  has  only  started  to  develop  after 
as  much  as  5  years  of  apparent  stability.   It  is  controlled  by  a  combination  of 
physical  and  chemical  conditions  in  the  spoils. 

A.  key  factor  in  the  development  of  piping  features  is  the  cracking  of  spoils  in 
areas  containing  highly  dispersive  sodic  material.   These  cracks  allow  access 
for  large  volumes  of  surface  runoff  to  flow  into  the  subsurface.   Piping 
generally  develops  on  nearly  flat  slopes  where  surface  runoff  is  minimal  and 
infiltration  is  maximized. 

1/   Groenewold,  G.H.,  and  Rehm,  B.W.,  1980. 
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Piping,  like  other  instability  problems,  most  commonly  develops  in  areas  con- 
toured by  dozers.   Scraper-contoured  areas  generally  are  better  compacted,  thus 
providing  fewer  subsurface  avenues  for  infiltration  of  surface  water. 

Weathering 

Weathering  tests  were  not  performed  on  core  samples  collected  in  study  areas  of 
the  Northeast  Montana  Investigations.   However,  weathering  tests  were  conducted 
on  similar  materials  from  the  Fort  Union  Formation  that  were  collected  at 
several  locations  within  Montana  and  North  Dakota.   These  weathering  tests 
revealed  that  shales  break  down  more  rapidly  than  either  sandstones  or  siltstones 
but  the  material  produced  may  be  difficult  to  move  and  place  because  of  its 
plasticity. 

Seismicity 

The  Yellowstone  Park  area  is  the  most  active  seismic  region  within  350  miles  of 
the  Northeast  Montana  Investigations  area.   The  largest  earthquake  (7.1  Richter) 
recorded  in  this  area  occurred  at  Hebgen  Lake,  Montana,  on  August  17,  1959,  a 
distance  of  about  350  miles  from  the  Investigations  area.   Although  considerable 
damage  occurred  near  the  epicenter,  the  quake  was  not  readily  noticed  in  the 
Williston  Basin.   Forty-five  earthquakes  of  moderate  intensity  (V  to  VII  on  the 
Modified  Mercalli  Intensity  Scale)  have  occurred  in  Wyoming  since  1894.   Most  of 
these  have  been  centered  in  the  northwestern  part  of  the  State.   Between  1900 
and  the  end  of  1970,  there  were  113  earthquakes  of  Intensity  V  or  greater 
reported  in  Montana.   The  majority  of  these  quakes  occurred  in  the  southwestern 
part  of  the  State.   No  earthquakes  of  Intensity  V  or  greater  (MM)  have  occurred 
within  North  Dakota  during  historical  times;  however,  an  Intensity  IV  (MM) 
occurred  in  Williston,  North  Dakota,  on  October  26,  1946,  at  a  distance  of 
67  miles  from  the  study  area. 

The  Northeast  Montana  Investigations  Study  Areas  are  located  in  the  Algermission 
Seismic  Risk  Zone  1  in  which  minor  damage  could  result  to  structures  from 
Intensity  V  to  VI  (Modified  Mercalli  Intensity  Scale)  earthquake  shocks. 
Earthquakes  with  intensities  of  V  or  greater  that  have  occurred  during  historic 
times  within  250  miles  of  the  site  are  listed  below: 
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SOIL  AND  OVERBURDEN 

Principal  Soil  Bodies 

This  section  briefly  describes  the  major  soil  categories  occurring  in  the 
Southwest  Glendive,  Upper  Thirteenmile  Creek,  and  Woodson  PRLA  Study  Areas  in 
northeastern  Montana.   Representative  sections  within  these  study  areas  were 
classif iedi/  by  the  Bureau  of  Reclamation  (USBR)  as  to  their  suitability  for 
reclamation  and  revegetation.   Two  other  study  areas  described  in  this  report, 
Burns  CreeK.  and  Circle  2,  were  not  classified  by  the  USBR  and  are,  therefore, 
not  included  in  this  discussion. 

Three  major  soil  categories  are  common  to  the  Southwest  Glendive,  Upper 
Thirteenmile  Creek,  and  Woodson  PRLA  Study  Areas.   These  are:   (1)  soils  deve- 
loping in  old  alluvium  on  ancient  terraces  of  the  Yellowstone  River,  (2)  soils 
forming  in  recent  alluvium  on  fans  and  footslopes  and  in  swales  and  drainage 
bottoms,  and  (3)  soils  developing  in  residual  sandstone,  siltstone,  shale,  or 
baked  rock  (scoria)  on  ridges  and  sideslopes.   The  occurrence  of  these  three 
categories  in  each  of  the  study  areas  is  described  below. 

Southwest  Glendive  Study  Area 

Representative  sections  14  and  22,  T.  15  N.,  R.  53  E.,  were  classified  by  the 
USBR  (see  Photograph  1). 

Soils  developing  in  old  alluvium  cover  almost  all  of  section  14,  as  well  as  a 
small  portion  in  the  northeast  corner  of  section  22.   These  soils  occur  on  a 
nearly  level  to  undulating  high  terrace  (Pleasant  View  Flat)  of  the  ancient 
Yellowstone  River. 

Typically,  the  A  horizon  of  these  soils  is  a  dark  colored  loam  or  gravelly  loam, 
4  to  6  inches  thick.   Below  this  is  a  moderately  developed  B  horizon  6  to  18 
inches  thick  of  very  fine  sandy  loam,  silt  loam,  or  clay  loam  texture.   The 
underlying  C  horizons  consist  of  medium  textured  alluvium  which  grades  into 
coarse  sand  and  gravel  deposits  or  soft  sedimentary  beds  at  depths  ranging  from 
12  to  84  inches.   The  A  and  B  horizons  are  nonsaline  and  nonsodic;  locally,  the 
C  horizons  are  moderately  saline.   These  soils  are  used  for  dryfarm  small  grain 
production  on  gentle  and  moderate  slopes;  steeper  slopes  adjacent  to  eroded 
highs  are  used  for  range.   Table  3,  Appendix  C,  is  a  "Point  Site"  soil  profile 
representative  of  this  soil  category. 

Soils  developing  in  recent  alluvium  occur  on  about  50  percent  of  section  22  and 
a  small  portion  in  the  northeast  corner  of  section  14.   These  soils  occupy 
nearly  level  to  moderately  sloping  fans,  footslopes,  swales,  and  narrow  drainage 
bottoms . 

The  A  horizon  of  these  soils  is  commonly  a  dark  colored  loam  or  silt  loam,  6  to 
8  inches  thick.   A  structural  B  horizon  is  often  absent,  characterizing  the 
youthful  development  stage  of  these  soils.   When  a  B  horizon  is  present,  it  is 
weakly  developed  and  clay  skins  are  not  well  developed  on  ped  surfaces.   The  C 
horizons  consist  of  loamy  alluvium  ranging  in  thickness  from  about  2  feet  to 
over  10  feet.   The  A  horizon  is  usually  nonsaline  and  nonsodic.   Locally,  the  C 
horizons  and  underlying  sedimentary  beds  are  moderately  to  strongly  saline  and 

1/  See  "Land  Suitability  Classification"  section  on  page  21. 
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Photograph  1  -  Aerial  View  of  Representative  Sections  Classified  by  the 
Bureau  of  Reclamation. 


slightly  sodic.   These  soils  are  used  for  dryfarm  small  grain  production  on 
gentle  and  moderate  slopes;  steeper  slopes  and  narrow  bottomlands  are  used  for 
range.   Table  4,  Appendix  C,  is  a  "Point  Site"  soil  profile  representing  this 
soil  category. 

The  soils  developing  in  residual  sandstone,  siltstone,  or  shale  occupy  ridges 
and  moderate  to  very  steep  sideslopes  on  the  remaining  50  percent  of  section  22. 
The  sedimentary  beds  belong  to  the  Tongue  River  Member  of  the  Fort  Union  Formation. 

The  A  horizon  of  these  soils  is  usually  dark,  colored,  2  to  6  inches  thick,  and 
very  fine  sandy  loam  to  clay  loam  in  texture.   This  horizon  is  absent  on  steep 
sideslopes  and  severely  eroded  ridges.   A  structural  B  horizon  is  usually 
lacking  in  these  soils.   The  underlying  C  horizons  are  composed  of  weathered 
sedimentary  beds  of  varying  textures.   The  A  horizon  is  nonsaline  and  nonsodic; 
the  C  horizons  vary  from  nonsaline  and  nonsodic  to  strongly  saline  and  slightly 
sodic,  depending  on  the  original  composition  of  each  sedimentary  bed.   These 
soils  are  used  for  dryfarm  small  grain  production  on  ridges  and  moderate  slopes; 
on  steeper  slopes  they  are  used  for  range. 

Upper  Thirteenmile  Creek  Study  Area 

The  east  half  of  section  6  and  all  of  section  8,  T.  20  N.,  R.  53  E.,  were 
selected  as  representative  for  land  classification  by  the  USBR  (see  Photograph  2). 

Soils  developing  in  residual  sandstone,  siltstone,  shale,  or  baked  rock  (Tongue 
River  Member,  Fort  Union  Formation)  occur  on  about  55  percent  of  section  6  (EV2) 
and  approximately  30  percent  of  section  8.   These  soils  occupy  ridges  and 
moderate  to  very  steep  sideslopes. 

The  A  horizon  of  these  soils  is  typically  a  silt  loam,  2  to  4  inches  thick 
(except  Ap  horizons  -  6  inches).    This  horizon  has  been  eroded  off  on  steep 
sideslopes,  exposing  the  parent  strata.   No  structural  B  horizon  is  present. 
The  underlying  C  horizons  grade  from  medium-textured  residuum  into  weathered 
sedimentary  beds  at  an  average  depth  of  18  inches.   The  A  horizon  is  nonsaline 
and  nonsodic;  the  C  horizons  and  weathered  sedimentary  strata  are  nonsaline  to 
moderately  saline,  depending  on  the  original  nature  of  the  material;  typically, 
they  are  nonsodic.   Table  5,  Appendix  C,  is  a  "Point  Site"  soil  profile  descrip- 
tion representative  of  this  soil  category. 

Soils  forming  in  old  alluvium  cover  about  35  percent  of  section  8  (northern 
portion)  and  a  small  piece  near  the  east  quarter  corner  of  section  6  (EV2)  • 
These  soils  occupy  an  undulating  high  terrace  and  a  strongly  sloping  terrace 
edge. 

The  A  horizon  of  these  soils  consists  of  4  to  6  inches  of  loam  or  sandy  loam  on 
the  high  terrace  and  gravelly  sandy  loam  on  the  terrace  edge.   The  high  terrace 
soils  have  a  moderately  well  developed  B  horizon  of  loam  texture  which  averages 
about  12  inches  in  thickness.   No  B  horizon  is  present  in  the  soils  occupying 
the  terrace  edge.   The  C  horizons  on  the  high  terrace  grade  from  loamy  alluvium 
into  sand  and  gravel  deposits  at  depths  ranging  from  24  to  50  inches.   The  sand 
and  gravel  deposits  occur  immediately  below  the  A  horizon  on  the  terrace  edge. 
These  soils  are  nonsaline  and  nonsodic.   The  soils  on  the  undulating  high  terrace 
are  used  for  small  grain  production;  soils  on  the  steep  terrace  edge  are  used 
for  range. 
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Soils  developing  in  recent  alluvium  occur  on  about  45  percent  of  section  6  (EV2) 
and  35  percent  of  section  8.   These  soils  have  developed  in  stream-laid  deposits 
or  local  wash  on  gently  to  moderately  sloping  fans,  footslopes,  swales,  and 
drainage  bottoms. 

The  A  horizon  of  these  soils  is  commonly  a  dark,  colored  loam  which  is  4  to  7  inches 
thick..   A  moderately  developed  B  horizon  of  loam  or  clay  loam,  ranging  in 
thickness  from  10  to  20  inches,  is  common  in  these  soils  in  section  8.   No 
distinct  B  horizon  was  noted  in  these  soils  in  section  6  (EV2)  •   The  C  horizons 
consist  of  medium-textured  alluvium  which  overlies  weathered  silty  or  clayey 
shale  at  depths  ranging  from  3  to  4  feet  on  some  fans  and  footslopes  to  over  10 
feet  in  the  drainage  bottoms.   The  A  and  B  horizons  are  usually  nonsaline  and 
nonsodic;  locally,  the  C  horizons  and  underlying  shales  are  moderately  to  highly 
saline  and  slightly  sodic   These  soils  are  used  for  dryfarm  small  grain  produc- 
tion or  range.   The  "Point  Site"  soil  profile  description  in  Table  6,  Appendix  C, 
represents  this  soil  category. 

Woodson  PRLA  Study  Area 

Section  4,  T.  20  N.,  R.  5b  E.,  was  selected  for  land  classification  by  the  USBR 
(see  Photograph  3). 

Soils  developing  in  recent  alluvium  cover  about  55  percent  of  this  section. 
They  occur  on  dissected  alluvial  fans  and  in  the  bottom  of  deeply-incised 
drainages . 

The  A  horizon  of  these  soils  is  typically  a  2  to  5  inch  thick,  loam  or  silt  loam. 
A  weakly  or  moderately  developed  B  horizon  is  usually  present;  it  ranges  in 
thickness  from  12  to  20  inches.   The  C  horizons  consist  of  stratified  alluvium 
which  overlies  soft  sedimentary  beds  at  depths  ranging  from  2  feet  on  some  fans 
to  about  7  feet  in  the  drainage  bottoms.   The  A  and  B2  horizons  are  nonsaline 
and  nonsodic;  the  B3  and  C  horizons,  as  well  as  the  underlying  sedimentary  beds, 
are  moderately  to  highly  saline  and  slightly  to  highly  sodic.   These  soils  are 
used  for  range.   Table  7,  Appendix  C,  is  a  "Point  Site'  soil  profile  description 
representative  of  this  soil  category. 

Soils  forming  in  residual  shale,  siltstone,  sandstone  or  baked  rock  (scoria) 
occur  on  about  40  percent  of  section  4.   They  occupy  ridges  and  moderate  to  very 
steep  sideslopes.   The  parent  strata  of  these  soils  belong  to  the  Tongue  River 
Member  of  the  Fort  Union  Formation.   The  A  horizon  of  these  soils  is  commonly  a 
loam  or  silt  loam,  1  to  3  inches  thick.   It  is  underlain  by  C  horizons  consisting 
of  weathered  residuum  which  grade  into  soft  sedimentary  beds.   Textures  of  the  C 
horizons  are  variable,  depending  on  the  nature  of  the  parent  materials.   Depth 
to  the  sedimentary  beds  averages  about  10  inches  on  ridges  and  moderate  sideslopes; 
on  steep  slopes,  the  soil  is  eroded  away  as  fast  as  it  develops,  leaving  the 
parent  strata  exposed  at  the  surface.   The  A  and  upper  C  horizons  are  usually 
nonsaline  to  moderately  saline  and  nonsodic  to  slightly  sodic.   The  sedimentary 
beds  are  often  highly  saline  and  moderately  to  highly  sodic.   These  soils  are 
used  tor  range. 

Soils  forming  in  old  alluvium  occur  on  about  5  percent  of  this  section.   They 
occupy  a  thin,  gently  sloping  high  terrace  (Butler  Table)  of  the  ancient 
Yellowstone  River  and  a  steeply  sloping  terrace  edge  (southwest  part  of 
section) . 
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Upper  Thirteenmile  Creek  Study_Area 
Sections  6  (Eh)    and  8,  T.  20  N. ,  R.  53  E, 

1:24,000 


i  * 


Bh 


Photograph  2  -  Aerial  View  of  Representative  Sections  Classified  by  the 
Bureau  of  Reclamation. 


Woodson  PRLA  Study  Area 
Section  4,  T.  20  N. ,  R.  46  E. 

1:24,000 
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Photograph  3  -  Aerial  View  of  Representative  Sections  Classified  by  the 
Bureau  of  Reclamation. 


The  A.  Horizon  on  the  gently  sloping  terrace  is  a  dark  colored  very  fine  sandy 
loam  about  4  inches  thick.   It  is  underlain  by  a  weakly  developed  B  horizon  of 
very  fine  sandy  loam,  which  is  about  10  inches  thick.   The  C  horizons  grade  from 
very  fine  sandy  loam  into  medium  and  coarse  sands  at  a  depth  of  5  feet.   On  the 
steeply  sloping  terrace  edge,  a  thin  A  horizon  of  gravelly  sandy  loam  overlies 
sand  and  gravel  at  a  depth  of  4  to  6  inches.   These  soils  are  nonsaline  and  non- 
sodic.   They  are  used  for  range. 

Land  Suitability  Classification 

A  semidetailed  land  suitability  classification  was  made  of  representative  sec- 
tions in  the  Southwest  Glendive,  Upper  Thirteenmile  Creek,  and  Woodson  PRLA 
Study  Areas  in  order  to  evaluate  and  characterize  the  soil  and  overburden  to  10 
feet  in  depth  as  a  source  of  material  for  revegetation  if  surface  mining  occurs. 
This  classification  provides  data  on  the  quantity  and  quality  of  material 
available  for  revegetation,  as  well  as  the  ease  with  which  this  material  can  be 
stripped  and  stockpiled. 

Land  suitability  specifications,  shown  on  Table  8,  were  developed  to  establish 
classes  for  the  specific  use  proposed,  i.e.,  as  a  source  of  material  for  revege- 
tation of  surface-mined  lands.   Four  land  classes:   1,  2,  3,  and  6  were  deve- 
loped.  These  correspond  to  classes  used  in  the  Bureau  of  Reclamation  land 
classification  system. 

Factors  included  in  the  specifications  for  quality  consideration  were:   texture, 
salinity,  sodicity,  percent  gravel  or  coarser  materials  (>  3  inches)  in  the  soil 
matrix,  available  water  holding  capacity,  hydraulic  conductivity,  and  erodibi- 
lity.   Quantity  considerations  were  based  primarily  on  the  depth  of  the 
material.   Topographic  factors  influencing  the  ease  with  which  suitable  material 
could  be  selectively  stripped  and  stockpiled  were  also  considered.   These 
included  steep,  rough,  or  complex  slopes  and  presence  of  hard  bedrock  exposures 
(outcrops). 

Class  1  lands  provide  the  most  desirable  and  plentiful  source  of  material  for 
revegetation.   An  abundant  supply  of  highly  suitable  material,  which  is  easily 
stripped  and  stockpiled,  will  be  available  from  this  land  class.   In  addition  to 
having  an  adequate  amount  of  suitable  material  for  reclaiming  the  immediate  area, 
Class  1  lands  can  provide  borrow  material  for  topdressing  areas  with  insufficient 
suitable  material.   Class  2  lands  contain  an  adequate  supply  of  resurfacing 
material  to  revegetate  the  immediate  area;  however,  this  material  is  slightly 
less  desirable  in  quality  or  somewhat  more  difficult  to  strip  and  stockpile  than 
the  material  on  Class  1  lands.   Class  3  lands  are  similar  to  those  in  Class  2, 
except  the  deficiencies  are  more  pronounced  or  a  combination  of  deficiencies 
exists.   Land  in  this  class  is  marginally  suitable  for  revegetation  but,  through 
utilization  of  good  stripping  and  stockpiling  procedures,  the  requirements  for 
planting  media  can  generally  be  met.   Class  6  lands  lack  adequate  quantities  of 
suitable  material  to  meet  the  needs  for  revegetation.   If  these  lands  are 
disturbed  by  surface  mining,  it  will  De  necessary  to  borrow  material  from  Class 
1  or  2  lands  or  modify  the  material  available  for  revegetation  through  leaching, 
addition  of  chemical  amendments,  etc. 

Table  9  expands  the  preceding  summary  description  of  the  land  classes  and 
describes  the  significant  characteristics  of  the  major  land  classes  and 
subclasses. 
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The  land  suitability  classification  was  accomplished  using  Bureau  of  Reclamation 
methods  and  procedures.   Field  mapping  was  done  on  aerial  photographs  with  a 
scale  of  1:12,000.  Topographic  drawings  at  a  scale  of  1:24,000  with  20-foot 
contour  intervals  were  used  for  reference.   An  Abney  hand  level  was  used  in  the 
field  to  supplement  the  slope  data  on  the  topographic  drawings. 

Representative  (Point  Site)  soil  profiles  typical  of  extensive  areas  of  Class  1, 
2,  3,  and  6  lands  were  described,  sampled,  and  analyzed  in  detail.   Additional 
profiles  were  recorded  in  the  heterogeneous  soil  areas  to  show  variations  within 
the  delineated  areas.   This  information  was  supplemented  by  nonrecorded  profile 
examinations  as  required.   Nonrecorded  profiles  are  typically  located  in  tran- 
sitional areas  between  soil  types  to  more  accurately  locate  boundaries. 

In  the  field  appraisal,  the  top  16  inches  of  the  soil  profiles  were  exposed  with 
a  tile  spade.   A  hand  auger  or  hydraulic  coring  machine  was  then  used  to 
penetrate  the  soil/overburden  to  a  depth  of  10  feet  unless  hard  bedrock,  was 
encountered.   Soil  structure,  consistence,  color,  and  other  observable  features 
of  the  exposed  profile  such  as  salinity,  sodicity,  and  root  distributions  were 
recorded.   Lime  content  was  checked  with  dilute  hydrochloric  acid.   Samples  were 
collected  from  many  of  the  exposed  profiles.   Evaluation  of  the  soil/overburden 
material  for  hydraulic  conductivity  and  available  water  holding  capacity  in 
relation  to  the  reconstructed  profile  was  a  major  consideration  in  the  field 
evaluation.   Using  these  basic  evaluations,  along  with  observations  of  other 
land  features  such  as  bedrock  outcrops,  slope,  and  landscape  complexity,  a  land 
suitability  class  was  tentatively  assigned  each  delineated  area  while  in  the 
field.   The  suitability  classes,  when  finalized,  were  recorded  on  land  classifi- 
cation maps,  Plates  26  through  28,  Appendix  C. 

A  laboratory  was  used  in  connection  with  the  land  suitability  classification  and 
screenable  tests  were  performed  on  all  samples.   These  tests  included  disturbed 
hydraulic  conductivity,  salinity,  pH,  15-bar  moisture  retention,  and  settling 
volume.   More  detailed  analyses  were  then  made  as  required.   Exhibit  1,  Appendix  C 
describes  the  screenable  testing  procedures  used  in  the  laboratory. 

Complete  analyses  were  performed  on  all  samples  from  Point  Site  profiles  repre- 
sentative of  the  major  land  class  categories.   The  analyses  listed  in  Exhibit  2, 
Appendix  C,  were  performed  as  needed  for  proper  soil  and  overburden  evaluation. 

Results  of  Land  Suitability  Classification 

The  results  of  the  land  suitability  classification  are  presented  on  semidetailed 
drawings,  Plates  26  through  28,  Appendix  C,  which  show  the  areal  distribution  of 
the  various  land  classes,  soil/overburden  deficiencies,  topographic  deficien- 
cies, profile  notes  of  soil/overburden  borings,  and  the  results  of  selected 
laboratory  analyses.   This  information  is  also  summarized  on  Plates  29  through 
34,  Appendix  C. 

Plates  29  through  31,  Appendix  C,  describe  the  location  and  depth  of  topsoiling 
material  that  is  suitable  for  surface  placement  in  reconstructed  profiles. 
Plates  32  through  34,  Appendix  C,  indicate  the  location  and  quantity  of 
material  that  is  suitable  for  subsurface  replacement  below  the  primary  plant 
rooting  zone. 

Table  10  lists  the  acreage  and  percentage  of  each  land  class  and  subclass 
occurring  in  the  representative  sections  classified  by  the  USBR. 
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LAND  SUITABILITY  SPECIFICATIONS  -  SURFACE  MINE  RECLAMATION 
Suitability  of  Soil/Overburden  for  Revegetatlon  of  Surface-Mined  Areas 
BLM/BR  Cooperative  Program 
Northeast  Montana  Investigations 


United  States 

Dept .  of  the  Interior 

Bureau  of  Reclamation 

April  1981 


Soil  and 
Overburden  Characteristics 


Symbols 
Basic    Information 
Subclass      and 

Deficiencies 


Class  2 


Class  3 


SOILS  AND/OR  OVERBURDEN 


Fine  sandy  loams  to  clay  loams 


Fine 


Depth 

Sodlclty 

Salinity  (ECe  x  103) 

Available  Water  Holding  Capacity 
Hydraulic  Conductivity 


>36"  of  soil/overburden  that 
Is  suitable  for  plant  media. 


Sandy  loam  to  sllty  clay  loams 

Sandy  loams  sufficiently  coarse 
to  slightly  reduce  productivity, 
moisture  retention  and  may  in- 
crease eroslveness  slightly. 


Profile  should  have  sufficient 
material  for  topdresslng,  clayey 
type  materials  that  are  slowly 
permeable  should  be  placed  below 
6"  in  the  recontructed  profile. 


>18"  of  soil/overburden  that  Is 
suitable  for  plant  media. 


Loamy  sand  to  clay 

Loamy  sand  In  sufficient 
quantity  to  moderately 
reduce  productivity, 
moisture  retention,  and 
may  Increase  eroslveness 
moderately. 

Profile  should  have 
sufficient  material  for 
topdresslng;  placement  of 
clay  In  reconstructed 
profile-permeable:   10" 
plus;  slowly  permeable: 
30"  plus. 

>10"  of  soil/overburden 
that  is  suitable  for 
plant  media. 


SAR  not  to  exceed  9.0  in  fine  textured  materials  but  may  be  20.0  with  loamy  sand  textures.   Values 
can  be  slightly  higher  if  compensated  by  adequate  residual  gypsum. 


Less  than  4  . 


>1.5"/foot  of  soil. 


Adequate  to  provide  a  well  drained 
and  aerated  root  zone  and  an  infil- 
tration rate  adequate  to  prevent 
serious  erosion. 


Less  than  8  but  should  have  10" 
of  material  of  less  than  4  for 
surface. 

>1.0"/foot  of  soil. 

Slightly  restricted  which  may 
result  in  some  restriction  of 
drainage  and  aeration  in  the  root 
zone  and  a  reduced  infiltration 
rate. 


Less  than  12  but  should 
have  10"  of  material  of 
less  than  4  for  surface. 

>0.75"/foot  of  soil. 

Restricted  to  the  ex- 
tent that  Internal 
drainage  may  limit 
choice  of  vegeta- 
tion and  require  special 
practices  to  control 
erosion. 


GraveJL  (soil  profile) 


k    Less  than  10%  by  volume  In  soil 
mass . 


Less  than  20%  by  volume  in  soil 
mass  . 


Less  than  50%  by  volume  In 
soil  mass. 


Cobb 1 y ,  Stony ,  Flaggy,  or  Clinkers 
(soil  profile) 


Weatherablllty 


Erodiblllty 


1/ 


TOPOGRAPH^ 
Slope 


Indurated  Surface  Sandstone 
or  Baked  Rock 


Cover 
DRAINAGE 


Class  6 


x    Less  than  5%  by  volume  In  soil 
mass . 

Will  break  down  readily  upon 
exposure  to  the  weather. 


Susceptible  to  slight  erosion. 


Permissible  surface  gradient 
0-12%  with  smooth  slopes. 


None 

Not  applicable 


Less  than  10%  by  volume  In  soil     Less  than  20%  by 
mass.  volume  In  soil  mass. 


May  require  short  period  to  break   May  require  ex- 
tended period  to 
break  down. 


down  upon  exposure. 

Susceptible  to  moderate  erosion. 


Susceptible  to 
severe  erosion  but 
can  be  controlled 
with  proper  manage- 
ment and  selective 
placement . 


Permissible  surface  gradient 
0-20%. 


1  to  5%  of  area. 


Permissible  surface 
gradient  0-35%. 


5  to  20%  of  area. 


Because  of  anticipated  land  alterations  by  surface  mining,  present  drainage  conditions,  except  the 
hydraulic  conductivity  of  the  material,  are  not  a  factor  In  the  classification. 


Areas  delineated  In  thi 
surface  material.  One 
this  class:  (1)  insuff 
(2)  topography  which  pr 
amounts  of  indurated  su 
at  or  near  the  surface, 
material  be  borrowed  fr 
from  suitable  overburde 
material  may  increase  1 


s  class  generally  lack  suitable  materi 
or  a  combination  of  the  following  defl 
iclent  soil  or  overburden  of  suitable 
events  stripping,  including  excessive 
rface  sandstone  or  baked  rock;  (4)  tox 
Reclamation  of  Class  6  lands  will  re 
om  adjacent  lands  that  have  a  surplus 
n  strata.   In  certain  cases,  treatment 
ts  revegetative  potential  to  an  accept 


al  for  stripping  and  stockpiling  as 
ciencies  may  result  In  the  use  of 
quality  at  or  near  the  surface; 
slopes;  (3)  rocklands  with  large 
ic  material  (soil  or  overburden), 
quire  that  suitable  plant  growth 
of  good  quality  soil  material  or 

or  modification  of  the  available 
able  level. 


1_/  Applicable  only  to  overburden  material. 
2/  Not  applicable  to  overburden  material. 


Table  9  Description  of  Land  Classes 


Table  9 
Sheet  1  of  3 


Class 
Subclass 


Soil/Overburden  Characteristics 

Land  in  this  class  has  an  average  mini- 
mum depth  ot  36  inches  of  good  or  high 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Usually  this  material 
is  medium  textured  soil  that  has  formed 
in  old  or  recent  alluvial  deposits. 

Soil  aggregates  have  moderate  to  good 
stability  and  water  enters  the  material 
readily.   Internal  permeability  is 
moderate  and  adequate  moisture  Is 
retained  for  plant  growth.   This  rate  of 
water  movement  provides  adequate  aera- 
tion of  the  plant  root  zone. 

Soil  and  overburden  material  in  this 
class  is  nonsallne,  nonsodic,  and  free 
of  toxic  contaminants* 


Land  Features 

The  surface  relief  comprises  nearly 
level  to  gently  sloping  terraces,  fans, 
foot  slopes,  and  bottomlands.   Most  of 
this  land  produces  small  grains . 
Topographic  features  will  not  hinder 
stripping  and  stockpiling.   Selective 
stripping  can  be  accomplished  easily. 
Native  mid  and  short  grasses  are  the 
most  common  range  species. 


Management  Requirements 

These  materials  will  be  slightly  suscep- 
tible to  wind  and  water  erosion,  but 
management  practices  such  as  vegetative 
mulch,  mechanical  roughing,  or  contour 
planting  should  be  adequate  control. 
For  maximum  use  of  soil  In  this  land 
class,  the  upper  6-24  Inches  of  surface 
material  should  be  stripped  and  stock- 
piled separately  from  the  subsoil  and 
substratum. 


2s 


2t 


These  lands  usually  have  surplus  high 
quality  soil/overburden  that  is  suitable 
for  topdressing  or  subsurface  placement. 
This  material,  when  borrowed,  will 
enhance  productivity  of  other  tracts. 


Land  in  this  clas 
mum  depth  of  18  i 
quality  soil/over 
for  plant  media, 
is  moderately  coa 
textured  soil  mat 
in  deep  alluvial 
deep  residual  mat 
overburden  may  be 
the  18-inch  requi 


s  has  an  average  raini- 
nches  of  fair  and  good 
burden  that  is  suitable 

Usually  this  material 
rse  to  moderately  fine 
erial  that  has  developed 
deposits  or  moderately 
erial.   Cood  quality 

considered  as  part  of 
reraent . 


Limitations  other  than  depth  include, 
clay  rich  layers,  reduced  moisture 
retention,  restricted  permeability,  and 
layers  that  are  saline  and/or  sodic. 


Soil  agregates  of 
fair  to  good  stab 
the  material  at  a 
internal  water  mo 
provide  aeration 
root  zone.   Also 
retained  tor  plan 
that  is  suitable 
surface  is  nonsal 
there  is  no  indie 


these  materials  have 
ility  and  water  enters 

moderate  rate.   The 
vetaent  is  adequate  to 
of  the  primary  plant 

adequate  moisture  is 
t  use.   The  material 
for  use  at  or  near  the 
ine  and  nonsodic  and 
ation  of  toxicity. 


Land  in  this  class  has  an  average  mini- 
mum depth  of  36  inches  of  good  and  high 
quality  soil/overburden  that  is  suitable 
for  plant  media.  Usually  this  material 
is  medium  textured  soil  that  has  formed 
in  old  or  recent  alluvial  deposits. 

Soil  aggregates  have  moderate  to  good 
stability  and  water  enters  the  material 
readily.   Internal  permeability  is 
moderate  and  adequate  moisture  is 
retained  for  plant  growth.   This  rate  of 
water  movement  provides  adequate  aera- 
tion of  the  plant  root  zone. 


The  surface  relief  comprises  nearly 
level  to  gently  sloping  terraces, 
fans,  and  foots  lopes.   This  land  is 
used  for  small  grain  production  or 
native  range .   Topographic  features 
will  not  hinder  stripping  and  stock- 
piling can  be  accomplished  easily. 


The  surface  relief  comprises  undulating 
terraces  and  moderate  sides  lopes,  fans, 
and  footslopes.   Selective  stripping  may 
be  somewhat  difficult,  and  some  mixing 
of  surface  and  subsurface  material  may 
occur. 


Selection  of  suita 
at  or  near  the  sur 
careful  review  of 
is  adequate  topdre 
care  must  be  exerc 
saline,  permeable 
face  placement.  S 
stockpiling  to  iso 
material,  followed 
ment ,  is  necessary 
available  material 


ble  material  for  use 
face  will  require  a 
the  field  data.   There 
ssing  material,  but 
ised  in  selecting  non- 
materials  for  subsur- 
elective  stripping  and 
late  subsurface 
by  selective  place- 
for  the  best  use  of 
in  this  land  class. 


With  proper  selection  and  placement, 
reclamation  should  not  be  difficult,  and 
average  management  should  enhance  suc- 
cessful permanent  revegetat ton. 


These  soils  will  be  moderately  suscep- 
tible to  wind  and  water  erosion,  but 
managraent  practices  such  as  vegetative 
mulch,  mechanical  roughing ,  or  contour 
planting  should  be  adequate  control. 
For  maximum  use  of  soil  in  this  land 
class,  the  upper  6-24  inches  of  surface 
material  should  be  stripped  and  stock- 
piled separately  from  the  subsoil  and 
substratum. 


Soil  and  overburden  material  in  this 
class  is  nonsallne,  nonsodic,  and  free 
of  toxic  contaminants. 


These  lands  usually  have  surplus  high 
quality  soil/ over burden  that  is  suitable 
for  topdressing  or  subsurface  placement . 
This  material,  when  borrowed,  will 
enhance  productivity  of  other  tracts. 


Table  9  Description  of  Land  Classes  (cont'd) 
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Class 
Subclas 


2st 


Soil/Overburden  Characteristics 

The  general  description  of  soil/over- 
burden characteristics  of  Class  2s 
applies  to  this  class.   The  most  com- 
mon limitations  are  quantity  of  useable 
material,  slow  permeability,  and/or 
moderate  salinity  and/or  sodlcity. 


Land  Features  — 

The  surface  relief  comprises  undulating 
terraces  and  moderate  sldeslopes,  fans 
and  footslopes.   Selective  stripping  may 
be  somewhat  difficult,  and  some  mixing 
of  surface  and  subsurface  material  may 
occur. 


Management  Requirements 

A  review  of  the  field  data  to  determine  the 
the  effect  of  unavoidable  mixing  of  surface 
and  subsurface  material  is  needed  to  determine 
best  stripping  depths.  This  will  also  be  a 
guide  for  placement  in  a  reconstructed  pro- 
file.  The  last  paragraph  describing  manage- 
ment of  Class  2s  lands  applies  to  this  class 
also. 


3s 


3t 


3st 


6s 


Land  in  this  class  has  an  average  mini- 
mum depth  of  10  inches  of  fair  to  good 
quality  soil/overburden  that  Is  suitable 
for  plant  media.   Usually  this  material 
is  largely  medium  to  moderately  fine 
textured  soil  that  has  formed  in  alluvi- 
um or  residuum.   The  principal  limiting 
factor  is  the  quantity  of  nonsaline  and 
nonsodic  material  for  use  at  or  near  the 
surface.   The  subsoil  and  substratum 
often  contain  moderate  to  high  levels  of 
soluble  salts;  they  are  also  slightly  to 
moderately  sodic.   Land  in  this  class 
retains  a  large  quantity  of  available 
water.   The  infiltration  rate  and  internal 
water  movement  are  moderately  slow. 

Land  in  this  class  has  an  average  of  36 
inches  of  good  and  high  quality 
soil/overburden  that  is  suitable  for 
plant  media.   Usually  this  material  is 
medium  textured  soil  that  has  formed 
in  old  or  recent  alluvial  deposits. 


Surface  material  in  th 
saline,  nonsodic,  and 
organic  matter.   There 
of  toxic  contaminants, 
of  these  soils  have  mo 
stability,  allowing  wa 
surface  layers  readily 
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and  adequate  moisture 
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These  lands  are  a  good  source  of  quality 
soil/overburden  that  is  suitable  for 
topdressing  or  subsurface  placement. 
This  material,  when  borrowed,  will 
enhance  the  productivity  of  other  tracts. 

Land  in  this  class  has  an  average  mini- 
mum depth  of  10  inches  of  fair  to  good 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Usually  this  material 
consists  of  medium  to  fine  textured  al- 
luvium or  weathered  sedimentary  beds 
(residuum).   The  major  limitations  are 
quantity  of  nonsaline/nonsodic  material 
and  clay-rich  layers  with  slow  per- 
meability.  There  is  adequate  suitable 
material  for  reclamation  to  rangeland. 
Extensive  borrowing  of  good  quality 
material  would  be  necessary  to  provide 
suitable  rooting  zones  for  small  grain 
production. 

Land  in  this  class  has  less  than  10 
inches  average  depth  of  fair  and  good 
quality  soil/overburden  that  is  suitable 
for  plant  media.   These  materials  are 
typically  clay-rich  below  the  surface 
layer  and  often  highly  saline  and/or 
sodium  affected.   One  or  a  combination 
of  the  above  factors  make  these 
materials  unsuitable  for  plant  media. 
Some  small  tracts  with  good  quality 
soil/overburden  occur  in  this  class  as 
inclusions. 


The  surface  relief  consists  of  nearly 
level  terraces  and  gently  sloping  fans, 
footslopes,  and  swales.   Selective 
stripping  of  desirable  material  should 
be  easily  accomplished.   These  lands 
are  used  for  native  range  or  small  grain 
production. 


The  surface  relief  is  comprised  of  steep, 
complex  crests,  sldeslopes,  and  fans  and 
narrow,  tree-covered  drainage  bottoms. 
Selective  stripping  will  be  difficult. 
These  lands  are  used  for  native  range. 


The  surface  relief  consists  of  steep, 
complex  crests,  sldeslopes,  fans  and 
footslopes.   Selective  stripping  of  suit- 
able material  will  be  difficult.   These 
soils  are  used  for  range  and,  to  a  minor 
extent,  for  small  grain  production  where 
slopes  permit. 


This  land  class/subclass  did  not  occur 
in  the  Southwest  Glendive,   Upper 
Thirteenmile  Creek,  or  Woodson  PRLA 
Study  Areas. 


For  best  use  of  the  soil/overburden  in  this 
class,  the  surface  material  must  be  stripped 
and  stockpiled,  and  the  subsoil  and  substratum 
should  be  placed  with  the  spoil  material. 
Mechanical  surface  roughing  will  reduce  run- 
off and  help  promote  leaching  of  soluble 
salts.   Mulching  will  also  reduce  runoff  and 
erosion  and  enhance  moisture  conservation. 
Successful  permanent  revegetation  can  be 
accomplished,  but  above  average  planning  and 
management  will  be  required. 


These  soils  will  be  moderately  susceptible 
to  wind  and  water  erosion,  but  management 
practices  such  as  vegetative  mulching, 
mechanical  roughing,  or  contour  planting 
should  provide  adequate  control.   For  maxi- 
mum use  of  soil  in  this  land  class,  the  upper 
6-24  inches  of  surface  material  should  be 
stripped  and  stockpiled  separately  from  the 
subsoil  and  substratum. 


Selective  stripping,  with  emphasis  on 
stripping  local  tracts  of  deep  soil 
separately,  should  be  considered.   Similar 
surface  treatment  of  reconstructed  profiles 
as  described  in  3s  should  be  followed. 


Table  9  Description  of  Land  Classes  (cont'd) 
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Class 
Subclas 


6t 


6st 


Soil/Overburden  Characteristics 

Land  in  this  class  has  an  average  mini- 
mum depth  of  36  inches  of  good  and  high 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Soils  in  this  class 
have  formed  in  recent  alluvium.   The 
surface  layer  is  usually  dark  colored 
and  moderately  high  in  organic  matter. 
Textures  are  commonly  medium  and  moder- 
ately fine. 

These  materials  are  nonsaline  and  non- 
sodic.  Aggregate  stability  is  moderate 
to  good  in  these  materials,  and  water 
readily  infiltrates  the  surface. 
Internal  permeability  is  moderate  to 
moderately  slow,  and  adequate  moisture 
is  retained  for  plant  growth.  The  rate 
of  water  movement  provides  adequate 
aeration  of  the  plant  zone. 

Where  accessible,  the  soils/overburden 
from  this  land  class  will  provide  good 
quality  material  suitable  for 
topdressing  or  subsurface  placement. 

Land  in  this  class  has  less  than  10 
inches  average  depth  of  fair  and  good 
quality  soil/overburden  that  is  suitable 
for  plant  media.   Soil  materials  are 
typically  shallow  over  weathered  sedi- 
mentary beds.   Surface  outcroppings  of 
shale,  sandstone,  or  baked  rock  (scoria) 
are  common.   On  terrace  edges,  shallow 
soil  materials  occur  over  coarse  sand 
and  gravel  deposits. 

The  underlying  overburden  is  highly 
variable  in  physical  and  chemical  pro- 
perties.  It  may  be  highly  saline, 
highly  sodic,  slowly  permeable,  fine 
textured,  or  coarse  textured.   These 
limitations  occur  singly  or  in  com- 
bination in  most  areas  delineated  as 
Class  6st.   Small  inclusions  of  deeper 
soils  and  permeable,  nonsaline,  and  non- 
sodic  overburden  material  occur  infre- 
quently within  these  delineated  areas. 


Land  Features 

The  surface  relief  comprises  narrow, 
deeply  incised  drainage  bottoms  which 
are  often  tree  covered.  These  drainages 
are  commonly  V-shaped  with  steep  side- 
slopes.   Stripping  of  suitable  materials 
from  these  drainage  bottoms  will  be 
extremely  difficult.   These  lands  are 
used  for  range;  they  also  provide  valu- 
able cover  for  wildlife. 


The  surface  relief  consists  of  very  steep 
sideslopes  and  narrow,  severely  eroded 
ridges.   Active  erosion  has  removed  soil 
material  on  many  ridges  and  sideslopes, 
leaving  weathered  shale,  silt  stone,  sand- 
stone, or  baked  rock  (scoria)  exposed  at 
the  surface.   Steep  terrace  edges  have 
less  than  6  inches  of  soil  material  over 
coarse  sand  and  gravel  deposits.   Selec- 
tive stripping  of  suitable  soil/overbur- 
den materials  will  be  extremely  difficult. 
These  lands  are  used  for  range,  where 
slopes  permit. 


Management  Requirements 

These  soils  may  be  highly  susceptible  to 
wind  and  water  erosion.   Management  practices 
such  as  vegetative  mulching,  mechanical 
roughing,  or  contour  planting  will  help 
retard  soil  erosion. 

Where  accessible,  the  upper  6-24  inches  of 
surface  material  should  be  stripped  and 
stockpiled  separately  from  the  subsoil  and 
substratum. 


Local  inclusions  with  deeper  soil  or  suit- 
able overburden  material,  though  small, 
should  be  selectively  stripped. 

Mechanical  roughing  of  the  surface  will 
Increase  infiltration  and  enhance  leaching 
of  soluble  salts.   Vegetative  mulching, 
contour  planting,  and  the  use  of  stabilizing 
structures  will  aid  in  reducing  erosion. 

Borrow  material  (Class  1  or  2  lands)  will  be 
required  for  successful  permanent  revegetation. 
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The  results  in  this  table  indicate  that  96  percent  of  the  two  sections  classified 
in  the  Southwest  Glendive  Study  Area  contains  an  adequate  or  surplus  quantity  of 
suitable  material  to  restore  the  disturbed  lands  to  a  condition  capable  of  sup- 
porting the  present  uses.   This  includes  Classes  1,2,  and  3.   The  remaining  4 
percent,  designated  as  Class  6,  consists  mainly  of  shallow  soils  overlying 
either  weathered  sedimentary  beds  or  sand  and  gravel  deposits  on  eroded  ridges 
or  steep  sideslopes. 

In  the  Upper  Thirteenmile  Creek.  Study  Area,  86,2  percent  of  the  two  sections 
classified  contains  adequate  or  surplus  quantities  of  revegetative  material 
(includes  Classes  1,  2,  and  3).   The  remaining  13.8  percent,  placed  in  Class  6, 
is  composed  of  shallow  soils  overlying  sand  and  gravel  deposits  or  soft  shale  on 
steep  sideslopes  in  the  eastern  part  of  Section  6  and  the  northern  portion  of 
Section  8. 

The  representative  section  classified  in  the  Woodson  PRLA  Study  Area  had  56.8 
percent  of  the  land  placed  in  Classes  1,  2,  or  3.  The  remaining  43.2  percent, 
designated  as  Class  6,  consists  mainly  of  very  shallow  soils  occupying  eroded 
ridges  and  very  steep  sideslopes  ("badlands"  in  southern  half  of  section)  or 
deeply-incised,  woody  drainages  which  would  severely  limit  stripping  operations. 

If  surface  mining  occurs  in  any  of  these  study  areas,  the  steep  sideslopes 
("breaks")  that  presently  exist  in  each  area  would  undoubtedly  be  restored  to  a 
more  gently  sloping  condition  compatible  with  the  overall  reclaimed  landscape. 
Surplus  soil  and/or  good  quality  overburden  could  be  borrowed  from  Class  1  or  2 
lands  to  provide  a  deeper  root  zone  and  enhance  permanent  revegetation  on  these 
lands. 

This  land  suitability  classification  provides  baseline  data  for  assessing  recla- 
mation potential.   It  does  not,  however,  provide  adequate  detail  for  stripping 
and  stockpiling  procedures  during  the  surface  mining  operation.   Additional 
field  borings  and  observations,  supported  by  laboratory  data,  will  be  necessary 
to  more  accurately  determine  the  quantity,  quality,  and  location  of  available 
material  to  be  stripped  and  stockpiled  for  use  as  a  revegetative  medium. 

Soil  and  Overburden  Suitability  for  Revegetation 

Soil  Mantle  Suitability 

Southwest  Glendive 

Plates  29  and  32,  Appendix  C,  are  maps  showing  the  location  and  quantity  of 
available  topsoii  and  subsurface  material  in  sections  14  and  22. 

The  soils  developing  in  old  alluvium,  which  occupy  a  high  terrace  covering 
almost  all  of  section  14  and  a  small  portion  of  section  22,  should  provide  24  to 
36  inches  (or  more)  of  good  quality  topsoiling  material  for  revegetation.   This 
material,  consisting  of  the  A,  B,  and  upper  C  horizons,  is  typically  nonsaline, 
nonsodic,  and  permeable. 

The  A  horizon,  which  averages  6  inches  in  thickness,  could  be  selectively 
stripped  as  first  lift  material,  followed  by  stripping  of  the  B  and  upper  C 
horizons  in  the  second  lift.   The  lower  C  horizons  consist  of  sand  and  gravel 
deposits,  weathered  sedimentary  beds,  or  loamy  alluvium  which,  locally,  contains 
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moderate  Levels  of  soluble  salts.   Though  abundant  in  quantity,  these  materials 
are  fair  to  poor  in  quality  for  use  as  planting  media;  therefore,  they  should  be 
placed  at  Least  3  feet  beLow  the  surface  in  reconstructed  profiles. 

Stripping  operations  on  the  gently  sloping  to  unduLating  high  terrace  should  be 
relativeLy  easy. 

The  soiLs  forming  in  recent  aLLuvium  on  fans,  footslopes,  swales,  and  narrow 
drainage  bottoms  cover  about  50  percent  of  section  22  and  a  very  small  portion 
of  section  14.   These  soils  should  yield  about  18  to  24  inches  (or  more)  of  good 
quality  topsoiling  material.   This  generally  includes  the  A.  and  upper  C  horizons 
of  most  of  these  soils.   Since  the  A  horizon  is  only  2  to  4  inches  thick,  (except 
Ap  -  6  inches),  selective  stripping  of  this  horizon  from  the  upper  C  horizons 
appears  impractical.   However,  mixing  of  these  horizons  should  not  appreciably 
change  the  overall  quality  of  the  material. 

The  lower  C  horizons  of  these  soils,  consisting  of  loamy  alluvium  or  weathered 
sedimentary  beds,  often  contain  moderate  to  very  high  ieveLs  of  soluble  salts. 
Locally,  they  are  also  heavy  textured  and  slightly  to  raoderateLy  sodic.   These 
undesirable  properties  should  restrict  placement  of  these  materials  to  at  least 
3  feet  below  the  surface  in  reconstructed  profiles. 

Stripping  operations  on  the  gentle  and  moderate  slopes  occupied  by  these  soils 
should  not  be  difficult,  although  the  narrow  drainage  bottoms  may  pose  some 
access  problems  for  large  iaachinery. 

The  soiLs  developing  in  residual  sandstone,  siltstone,  or  shale,  which  occupy 
ridges  and  moderate  to  very  steep  sideslopes  on  about  50  percent  of  section  22, 
represent  a  limited  source  of  revegetative  material.   Generally,  less  than  12 
inches  of  fair  or  good  quality  soiL  material  is  present  over  the  weathered  sedi- 
mentary beds.   This  material,  composed  of  a  2  to  6  inch  thick.  A  horizon  and  6  to 
12  inch  thick,  upper  C  horizons,  can  probably  be  salvaged  from  some  ridges  and 
moderate  sideslopes.   LittLe  or  no  soiL  material  is  available  for  stripping  on 
the  steeper  sideslopes  and  severely  eroded  ridges. 

The  lower  C  horizons  of  these  soils,  consisting  primarily  of  weathered  shales, 
are  often  moderately  to  highly  saline,  slightly  to  moderately  sodic,  and  heavy 
textured.   These  materials  are  of  fair  to  poor  quality  for  use  as  pLanting 
media;  therefore,  placement  should  be  welL  below  the  plant  rooting  zone  (2-3 
feet)  in  reconstructed  profiles. 

Upper  Thirteenmile  Creek. 

Plates  30  and  33,  Appendix  C,  are  maps  showing  the  location  and  quantity  of  top- 
soil  and  subsurface  material  available  in  sections  6(EV2)  and  3. 

SoiLs  developing  in  recent  alluvium  on  fans,  footslopes,  swales,  and  drainage 
bottoms  occur  on  about  45  percent  of  section  6  (EV2)  and  35  percent  of  section  8. 
These  soils  should  provide  a  minimum  of  18  to  24  inches  of  topsoiLing  material 
that  is  medium  textured,  nonsaline,  and  nonsodic.   This  usually  includes  the  A, 
B,  and  upper  C  horizons  of  these  soils.   Due  to  cultivation,  most  of  these  soils 
have  an  Ap  horizon  which  averages  6  inches  in  thickness.   This  horizon  couLd  be 
selectively  stripped  in  the  first  lift,  fol Lowed  by  stripping  of  the  3  and  good 
quality  C  horizons  in  the  second  Lift. 
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The  lower  C  horizons,  consisting  of  stratified  alluvium  or  soft  sedimentary 
beds,  are  highly  variable  in  texture  and  salt/sodium  content.   In  most  cases, 
however,  they  are  of  suitable  quality  for  subsurface  placement  below  the  topsoil 
in  reconstructed  profiles.   Where  heavy  textured  o_C  highly  saline/sodic  materials 
are  encountered,  they  should  be  placed  well  below  the  plant  rooting  zone. 

Since  most  slopes  occupied  by  these  soils  are  gentle  or  moderate,  stripping 
operations  should  not  be  difficult,  with  the  exception  of  some  tree  clearing  in 
the  drainages  in  section  6  (eV2)« 

Soils  forming  in  old  alluvium  occupy  an  undulating  high  terrace  and  steep 
terrace  edge  on  about  35  percent  of  section  8  and  a  small  part  of  section  6  (EV2) • 
Soils  on  the  high  terrace  should  yield  about  24  to  36  inches  of  good  quality 
topsoiling  material.   This  material  consists  of  the  A,  B,  and  upper  C  horizons, 
which  are  medium  textured,  nonsaline,  and  nonsodic. 

The  lower  C  horizons  consist  of  sand  and  gravel  deposits  which  are  unsuitable 
for  replacement  in  the  root  zone  of  reconstructed  profiles.   On  the  terrace  edge, 
about  4  to  6  inches  of  gravelly  sandy  loam  is  available,  but  this  would  be  vir- 
tually impossible  to  strip  due  to  the  steep,  complex  slope. 

Stripping  operations  on  the  undulating  high  terrace  should  be  easily  accomplished. 

About  55  percent  of  section  6  (EV2)  and  30  percent  of  section  8  are  covered  by 
residual  soils  developing  in  soft  sedimentary  beds  (primarily  shale).   These  soils 
occur  on  ridges  and  moderate  to  very  steep  sideslopes. 

A  limited  quantity  (average  12  inches)  of  fair  to  good  quality  topsoiling 
material  is  available  from  these  soils  on  some  ridges  and  moderate  sideslopes. 
This  material  generally  includes  a  thin  A  horizon  and  the  upper  C  horizon(s). 
On  steep  slopes  and  severely  eroded  ridges,  little  or  no  suitable  soil  material 
is  available  for  stripping. 

Some  of  the  underlying  weathered  sedimentary  beds  (lower  C  horizons)  are  of 
suitable  quality  for  use  as  subsurface  material  immediately  below  the  topsoil. 
However,  many  of  the  beds  are  heavy  textured,  moderately  to  highly  saline,  and/or 
moderately  sodic   These  materials  are  unsuitable  for  use  as  plant  media;  there- 
fore, they  should  be  selectively  placed  at  least  3  feet  below  the  surface  in 
reconstructed  profiles. 

Stripping  of  suitable  topsoil  and  subsurface  material  from  these  soils  may  be 
difficult  due  to  slope  limitations  and  landscape  complexity,  i.e.,  narrow  ridges 
separated  by  steep  slopes . 

Woodson  PRLA 

Plates  31  and  34,  Appendix  C,  are  maps  showing  the  location  and  quantity  of 
available  topsoil  and  subsurface  material  in  section  4. 

The  soils  developing  in  recent  alluvium  on  dissected  alluvial  fans  and  in  deeply 
incised  drainage  bottoms  comprise  about  55  percent  of  section  4.   These  soils 
should  yield  12  to  18  inches  (or  more)  of  good  quality  topsoiling  material.   This 
material  usually  consists  of  the  A  and  B2  horizons. 
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The  underlying  B3  and  C  horizons,  consisting  of  loamy  alluvium  or  soft  sedimentary 
beds,  often  contain  moderate  to  high  levels  of  soluble  salts.   Locally,  they  are 
also  moderately  to  highly  sodic  and/or  heavy  textured.   These  materials  should 
be  selectively  placed  below  the  plant  rooting  zone  in  reconstructed  profiles. 

Stripping  operations  should  be  easily  accomplished  on  the  gently  to  moderately 
sloping  fans.   Suitable  material  may  be  difficult  to  salvage  in  the  drainage 
bottoms  due  to  their  narrowness,  steep  sideslopes,  and  tree/brush  cover. 

Soils  developing  in  old  alluvium  occupy  a  thin,  gently  sloping  high  terrace  and 
a  steep  terrace  edge  on  approximately  5  percent  of  section  4.   About  48  inches 
of  good  quality  topsoil  will  be  available  from  the  high  terrace  soils.   This 
material,  which  includes  the  A,  B,  and  upper  C  horizons,  consists  of  very  fine 
sandy  loam  which  is  nonsaline,  nonsodic,  and  permeable.   Since  the  A  horizon 
averages  only  4  inches  in  thickness,  it  would  appear  impractical  to  selectively 
strip  this  horizon.   The  A  and  B  horizons  could  be  combined  in  the  first  lift 
without  appreciably  altering  the  quality  of  the  material;  the  upper  C  horizons 
could  than  be  salvaged  in  the  second  lift. 

The  lower  C  horizons  are  composed  of  sand  and  gravel  deposits  which  should  be 
placed  well  below  the  plant  rooting  zone.   On  the  terrace  edge,  only  4  to  6 
inches  of  gravelly  sandy  loam  exists  over  the  sand  and  gravel  deposits.   This 
material,  though  suitable  in  quality  for  root  zone  replacement,  will  be  very 
difficult  to  strip  due  to  slope  limitations. 

Stripping  of  available  soil  material  on  the  high  terrace  should  be  easily 
accomplished. 

The  soils  forming  in  residual  sandstone,  siltstone,  shale,  or  baked  rock  (scoria) 
occur  on  about  40  percent  of  section  4.   They  occupy  ridges  and  moderate  to  very 
steep  sideslopes. 

On  some  ridges  and  moderate  sideslopes,  these  soils  may  yield  6  to  12  inches  of 
fair  to  good  quality  topsoiling  material.   This  material  usually  includes  a  thin 
A  horizon  and  the  upper  C  horizon(s).   On  the  steep  or  very  steep  sideslopes 
(badlands)  and  severely  eroded  ridges,  little  or  no  suitable  soil  material  is 
available. 

Most  of  the  underlying  sedimentary  strata  (lower  C  horizons)  are  moderately  to 
highly  saline,  moderately  to  highly  sodic,  and/or  heavy  textured.   These  materials 
are  undesirable  for  root  zone  replacement;  therefore,  they  should  be  placed  at 
least  2  to  3  feet  below  the  surface  in  reconstructed  profiles  wherever  possible. 
Some  of  the  parent  strata  which  are  medium  textured  and  nonsaline/nonsodic  or 
slightly  saline/slightly  sodic  could  be  selectively  stripped  for  subsurface 
placement  below  the  topsoil  in  reconstructed  profiles. 

Overburden  Suitability 

Overburden  samples  from  Bureau  of  Reclamation  Drill  Holes  81-101  through  81-109 
(see  Plates  16  through  24,  Appendix  B)  were  evaluated  as  to  their  suitability 
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for  use  as  a  supplemental  medium  for  revegetation.   These  drill  holes  were 
located  as  follows: 

81-101  Woodson  PRLA  Study  Area  -  Sec.  4,  T.  20  N.,  R.  56  E. 

81-102  Burns  Creek  Study  Area  -  Sec.  30,  T.  19  N. ,  R.  56  E. 

81-103  Burns  Creek  Study  Area  -  Sec.  24,  T.  19  N. ,  R.  55  E. 

81-104  Upper  Thirteenmile  Creek  Study  Area  -  Sec.  8,  T.  20  N. ,  R.  53  E. 

81-105  Upper  Thirteenmile  Creek  Study  Area  -  Sec.  32,  T.  21  N. ,  R.  53  E. 

81-106  Southwest  Glendive  Study  Area  -  Sec.  14,  T.  15  N. ,  R.  53  E. 

81-107  Southwest  Glendive  Study  Area  -  Sec.  26,  T.  15  N. ,  R.  53  E. 

81-108  Circle  2  Study  Area  -  Sec.  26,  T.  20  N.,  R.  49  E. 

81-109  Circle  2  Study  Area  -  Sec.  4,  T.  20  N.,  R.  49  E. 

Complete  laboratory  analyses,  including  selected  trace  element  determinations, 
were  performed  on  the  samples  by  Bureau  of  Reclamation  laboratories  in  Bismarck, 
North  Dakota,  and  Boise,  Idaho.   The  results  of  these  analyses  are  included  in 
Tables  11  through  19,  Appendix  C. 

The  suitability  criteria  listed  in  Table  20,  Appendix  C,  were  applied  to  the 
laboratory  data  in  order  to  place  the  overburden  materials  into  one  of  three 
categories:   Suitable,  Limited  Suitability,  or  Unsuitable. 

Table  21,  Appendix  C,  presents  the  results  of  the  overburden  suitability  evaluation. 
The  results  for  each  study  area  are  discussed  briefly  below. 

It  should  be  recognized  that  this  suitability  evaluation  is  based  on  site-specific 
data  collected  at  each  drill  hole.   Any  attempt  to  project  the  results  within  or 
between  the  study  areas  may  be  highly  inaccurate  due  to  wide  variations  in  over- 
burden characteristics.   A  much  more  detailed  drilling  program  will  be  necessary 
prior  to  mining  to  more  accurately  determine  the  quantity  and  quality  of  the 
overburden  materials. 

Woodson  PRLA  Study  Area  -  Drill  Hole  81-101 

Approximately  19  percent  of  the  overburden  materials  were  rated  suitable  for  use 
as  supplemental  plant  media,  69  percent  were  of  limited  suitability,  and  12  per- 
cent were  unsuitable. 

The  samples  consisted  of  alluvium  (0  to  28  feet)  and  interbedded  sandstone, 
siltstone,  or  shale  (28  to  131  feet)  belonging  to  the  Tongue  River  Member,  Fort 
Union  Formation. 

Most  of  the  samples  were  placed  in  the  limited  suitability  category  due  to 
moderate  salinity  levels  (EC  =4-8  mmhos/cm) .   These  materials  could  be  uti- 
lized on  a  local  basis  to  supplement  subsurface  materials  in  reconstructed  pro- 
files, preferably,  below  6  to  12  inches  of  good  quality  topsoil.   The  deepest 
sample  obtained,  a  silty  sandstone,  was  rated  unsuitable  due  to  an  excessive 
level  of  exchangeable  sodium.   This  material  should  be  selectively  placed  well 
below  the  root  zone  in  reconstructed  profiles.   Only  one  sample,  a  siltstone 
from  60.0  -  76.0  feet,  was  rated  suitable  for  supplementing  available  topsoil 
and  subsurface  material. 
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Burns  Creek  -  Drill  Holes  81-102  and  81-103 

About  48  percent  of  the  samples  from  drill  hole  81-102  were  rated  suitable,  30 
percent  were  of  Limited  suitability,  and  22  percent  were  unsuitable.   In  drill 
hole  81-103,  about  19  percent  of  the  samples  were  classed  as  suitable,  52  percent 
were  of  Limited  suitability,  and  29  percent  were  unsuitable. 

The  surface  samples  (10  to  about  35  feet)  from  both  drill  holes  consisted  of 
alluvium  (Flaxville  Gravel);  below  this,  the  samples  consisted  of  soft 
sandstone,  siltstone,  or  shale  of  the  Tongue  River  Member,  Fort  Union  Formation. 

The  suitable  samples  from  both  drill  holes  consisted  mainly  of  soft  siltstones, 
silty  sandstones,  or  siity  shales  which  were  medium  textured,  nonsaline,  and 
nonsodic.   If  segregated  during  the  mining  operation,  these  good  quality 
materials  could  be  used  to  supplement  available  topsoil  and/or  subsurface 
material. 

The  major  limiting  factor  for  the  samples  classed  as  limited  suitability  or 
unsuitable  was  texture.   The  surface  alluvium  from  both  drill  holes  was  rated 
unsuitable  due  to  coarse  texture.   This  material  has  a  very  low  moisture  holding 
capacity  and  low  fertility,  which  makes  it  undesirable  for  root  zone  replacement. 
A.  number  of  shale  and  siltstone  samples  were  moderately  fine  to  fine  textured, 
causing  them  to  be  placed  in  the  limited  suitability  or  unsuitable  categories. 
If  replaced  at  the  surface,  the  slow  to  very  slow  permeability  of  these  materials 
could  create  serious  runoff  and  erosion  conditions.   The  moderately  fine  tex- 
tured materials  could  be  utilized  as  supplemental  subsurface  material;  the  fine 
textured  materials  should  be  selectively  placed  below  the  root  zone  in 
reconstructed  profiles. 

Upper  Thirteenmile  Creek  -  Drill  Holes  81-104  and  81-105 

In  drill  hole  81-104,  approximately  37  percent  of  the  overburden  materials  were 
classified  as  suitable  for  use  as  supplemental  plant  media,  37  percent  were  of 
limited  suitability,  and  26  percent  were  unsuitable.   About  54  percent  of  the 
samples  from  drill  hole  81-105  were  rated  suitable  and  46  percent  were  of  limited 
suitability.   No  samples  from  this  drill  hole  were  determined  to  be  unsuitable. 

The  samples  consisted  primarily  of  soft  siltstones,  shales,  or  sandstones 
belonging  to  the  Tongue  River  Member  of  the  Fort  Union  Formation,  although  the 
surface  sample  (10-14  feet)  from  drill  hole  81-105  consisted  of  alluvium. 

The  suitable  materials  consisted  of  silty  sandstones  or  silty  shales  which  were 
medium  textured,  nonsaline,  and  nonsodic.   These  materials  could  provide  a 
valuable  supplement  to  existing  subsurface  materials.   On  lands  lacking  adequate 
quantities  of  suitabLe  soil  material,  these  materials  could  also  be  utiLized  for 
topsoil. 

About  half  of  the  samples  were  moderately  fine  textured  and/or  moderately  saline, 
causing  them  to  be  placed  in  the  Limited  suitability  category.   Though  undesirable 
for  topsoil,  these  materials  could  be  salvaged  to  supplement  existing  subsurface 
materials. 

Only  three  samples  (all  shales  in  81-104)  were  classified  as  unsuitable.   Two  of 
these  samples  were  fine  textured  and  the  remaining  sample  contained  a  high  level 
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of  exchangeable  sodium.   These  materials  should  be  placed  well  below  the  root 
zone. 

Three  shale  samples  from  these  drill  holes  contained  a  moderately  high  level  of 
nickel  (3-5  ppm) .   Under  the  present  alkaline  condition  of  the  overburden 
materials,  the  availability  of  this  element  to  plants  is  reduced;  therefore,  the 
potential  for  toxicity  appears  low. 

Southwest  Glendive  -  Drill  Holes  81-106  and  81-107 

About  64  percent  of  the  overburden  materials  from  drill  hole  81-106  were  rated 
suitable  for  use  as  supplemental  revegetative  media  and  36  percent  were 
unsuitable.   None  of  the  materials  were  placed  in  the  limited  suitability  cate- 
gory.  Only  three  samples  were  obtained  from  drill  hole  81-107  due  to  poor  core 
recovery.   Of  these,  two  were  of  limited  suitability  and  one  was  unsuitable. 

Stratified  alluvium  (Cartwright  Gravel)  comprised  the  first  78  and  92.5  feet, 
respectively,  in  drill  holes  81-106  and  81-107.   The  suitability  of  these 
materials  varies  with  texture,  i.e.,  the  silty  or  fine  sandy  materials  are 
suitable  or  of  limited  suitability  for  use  as  supplemental  plant  media  and  the 
coarse  sandy  and/or  gravelly  materials  are  unsuitable.   The  suitable/limited 
suitability  materials  could  be  selectively  stripped  for  replacement  in  the  root 
zone  of  reconstructed  profiles. 

Below  the  alluvium,  silty  or  sandy  shale  samples  (Tongue  River  Member,  Fort  Union 
Formation)  were  obtained  from  above  and  immediately  below  the  major  coal  seam. 

One  shale  sample  from  drill  hole  81-106  was  rated  suitable  for  use  as  revegetative 
material  and  two  were  categorized  as  unsuitable.   The  suitable  material,  a  silty 
shale  overlying  the  coal  seam,  was  nonsaline,  nonsodic,  and  medium  textured.   The 
unsuitable  materials,  located  immediately  below  the  coal  seam,  contained  high 
levels  of  exchangeable  sodium.   In  addition,  these  samples  also  contained 
moderately  high  levels  of  nickel.   However,  the  existing  alkaline  nature  of 
these  overburden  materials  will  limit  the  availability  of  this  element  and 
reduce  the  potential  for  phy toxicity.   The  unsuitable  materials  should  be 
replaced  well  below  the  root  zone  in  reconstructed  profiles. 

Both  silty  shale  samples  from  drill  hole  81-107  were  determined  to  be  of  limited 
suitability  due  to  their  moderately  fine  texture.   Also,  a  moderately  high 
nickel  content  occurred  in  the  deepest  sample  (underlying  the  coal  seam) . 

As  previously  noted,  the  existing  alkaline  condition  of  this  overburden  material 
will  limit  the  availability  of  this  element,  reducing  its  potential  toxic  effects 
to  plants.   Though  undesirable  for  topsoil,  these  overburden  materials  could  be 
salvaged  to  supplement  available  subsurface  materials. 

Circle  2  -  Drill  Holes  81-108  and  81-109 

None  of  the  overburden  samples  from  these  two  drill  holes  were  rated  suitable 
for  use  as  supplemental  plant  media.   In  drill  hole  81-108,  about  40  percent  of 
the  materials  were  of  limited  suitability  and  60  percent  were  unsuitable. 
Approximately  21  percent  of  the  materials  in  drill  hole  81-109  were  of  limited 
suitability  and  79  percent  were  unsuitable. 
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All  samples  from  these  drill  holes  consisted  of  soft  shales,  siltstones,  or 
sandstones  belonging  to  the  Tongue  River  Member,  Fort  Union  Formation. 

The  materials  classified  as  limited  suitability  were  restricted  by  moderately 
fine  texture,  moderate  salinity,  and  in  the  uppermost  siltstone/shale  sample 
from  drill  hole  81-108,  a  moderately  high  content  of  manganese.   The  availability 
of  this  element  to  plants  will  be  limited  by  the  alkaline  condition  of  the 
overburden;  thus,  the  potential  for  manganese  toxicity  appears  low.   The  limited 
suitability  materials  could  be  salvaged  to  supplement  available  subsurface 
materials  in  reconstructed  profiles. 

A  significant  percentage  of  the  overburden  materials  from  these  two  drill  holes 
were  determined  to  be  unsuitable  for  use  as  revegetative  media.   The  major 
limiting  factor  of  these  materials  was  high  exchangeable  sodium.   In  additon, 
some  of  the  samples  were  fine  textured  or  moderately  saline.   These  materials 
should  be  selectively  placed  well  below  the  plant  rooting  zone  in  reconstructed 
profiles. 
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GREENHOUSE  EVALUATION  OF  SOIL  AND  OVERBURDEN 
MATERIALS 

Introduction   ^- 

The  data  in  this  section  was  provided  by  E&A  Environmental  Consultants,  Inc., 
Stoughton,  Massachusetts,  under  Bureau  of  Reclamation  Contract  Number  1-07-DV-00124 

This  report  presents  the  greenhouse  data  for  26  soil  and  overburden  samples 
obtained  from  the  Southwest  Glendive,  Upper  Thirteenmile  Creek,  and  Woodson  PRLA 
Study  Areas  in  northeastern  Montana.   These  samples  were  obtained  from  5  USBR 
"Point  Site"  soil  profiles  described  in  Tables  3  through  7,  Appendix  C.   Table 
22  identifies  the  greenhouse  samples  as  to  study  area,  Point  Site  (Hole)  number, 
depth,  and  horizon(s)  obtained  from. 

Greenhouse  Procedures 


The  soil  or  overburden  materials  were  placed  in  10-inch  pots  where  possible. 
Smaller  8-inch  or  6-inch  pots  were  used  when  low  quantities  of  the  materials 
were  available.   Whenever  possible,  replicates  were  run. 

Each  pot  was  packed  with  a  uniform  amount  of  soil  or  overburden  material.   Prior 
to  seeding,  each  sample  received  nitrogen  and  phosphorus  fertilizer  at  a  rate  of 
60  lbs. /acre  N  as  ammonium  nitrate  and  80  lbs. /acre  P  as  triple  phosphate.   In 
some  cases,  nitrogen  deficiencies  occurred  during  the  growth  cycle,  necessitating 
the  addition  of  a  complete  fertilizer. 

Initially,  the  pots  were  seeded  with  35  seeds  per  pot  of  Barley  Var.  Steptoel/. 
However,  poor  germination  due  to  poor  surface  conditions  and  excessive  surface 
drying  necessitated  a  higher  seeding  rate.   The  pots  were  reseeded  with  100  seeds 
and  covered  to  maintain  humid  conditions  favorable  for  germination.   The  pots 
received  limited  watering,  about  3  times  per  week  with  approximately  100  ml,  in 
order  to  avoid  excessive  leaching  of  salts. 

The  plants  were  harvested  after  a  60-day  growth  cycle,  and  dry  weights  were 
recorded. 

Laboratory  Procedures  -  Soil  and  Overburden 

The  following  analyses  were  performed  by  the  Bureau  of  Reclamation  Regional  Soil 
and  Water  Laboratory  in  Boise,  Idaho,  according  to  the  procedures  outlined  in 
Exhibit  2,  Appendix  C:   particle  size  analysis,  cation-exchange-capacity, 
saturation  percentage,  salinity  (saturation  extract),  exchangeable  sodium  per- 
centage, sodium  adsorption  ratio,  and  soluble  calcium  and  magnesium. 

Plant  -  available  phosphorus  (P),  potassium  (K) ,  zinc  (Zn),  iron  (Fe),  copper  (Cu), 
and  manganese  (Mn)  were  analyzed  by  E&A  Environmental  Consultants,  Inc., 
according  to  the  following  procedure: 

The  extracting  solution  was  a  10  percent  solution  of  sodium  acetate  in  3  percent 
acetic  acid  of  a  pH  of  4.8.   Five  grams  of  sample  which  had  been  passed  through 


1/  This  variety  was  obtained  from  the  USDA  High  Plains  Grassland  Research  Station 
in  Cheyenne,  Wyoming. 


31 


a  2  ram  (No.  10)  screen  were  extracted  with  15  ml  of  the  extracting  solution. 
The  extractant  was  then  shaken  for  20  minutes  using  a  wrist  action  shaker  at  150 
oscillations  per  minute.   After  one  minute  of  settling,  the  solution  was  filtered 
through  a  Whitman  No.  2  filter.   Ten  ml  of  the  filtrate  was  analyzed  using  an 
inductively  coupled  argon  plasma  spectrophotometer  (ICAP). 

Plant  -  available  cadmium  (Cd),  nickel  (Ni),  and  lead  (b)  were  also  analyzed  by 
E&A  Environmental  Consultants,  Inc.,  using  diethylenetriaminepentaacetic  acid 
(DTPA)  as  the  extracting  solution.   The  extracts  were  then  analyzed  using  ICAP 
for  cadmium  and  lead  and  atomic  absorption  spectrophotometry  for  nickel. 

Plant  Analysis  Procedures 

The  fresh  plant  samples  were  oven-dried  at  60°C  for  a  minimum  of  48  hours. 
Approximately  2  grams  of  the  dried  sample  was  then  ground  in  a  Wiley  Mill 
through  a  20  mesh  screen. 

One-half  gram  of  the  ground  sample  was  placed  in  a  porcelain  crucible  and  ashed 
in  a  muffle  furnace  for  12  hours  at  500°C.   Five  milliliters  of  concentrated 
hydrochloric  acid  was  added  to  the  ashed  sample.   After  20  minutes,  the  sample 
was  washed  into  a  25  ml  volumetric  flask  and  brought  up  to  volume  with  IN  HC1. 

The  concentrations  of  the  following  15  elements  were  determined  with  the  ICAP 
emission  spectrophotometer,  Jarrell-Ash  Model  955: 

Macronutrients  -  phosphorus,  potassium,  calcium,  magnesium 
Micronutrients  -  zinc,  boron,  manganese,  molybdenum,  iron, 

copper,  sodium 
Heavy  metals    -  cadmium,  lead,  arsenic,  aluminum 

Preplant  Analysis  -  Soi 1  and  Overburden 

Table  23,  Appendix  D,  lists  the  miscellaneous  preplant  data  supplied  by  the 
Bureau  of  Reclamation.   Tables  24  and  25,  Appendix  D,  respectively,  show  the 
plant  -  available  and  total  analysis  levels  of  various  elements  analyzed  by  E&A 
Environmental  Consultants,  Inc. 

As  shown  in  Table  23,  Appendix  D,  all  of  the  soil  or  overburden  samples  were 
medium  or  moderately  fine  textured.   A  few  samples,  i.e.,  G-161-163,  contained  a 
high  percentage  of  silt  (>80  percent).   These  materials  would  be  highly  susceptible 
to  wind  erosion  if  replaced  as  topsoil  on  reclaimed  lands;  therefore,  they 
should  be  selectively  placed  beneath  6  to  12  inches  (or  more)  of  topsoil  in 
reconstructed  profiles. 

Samples  obtained  from  the  Southwest  Glendive  and  Upper  Thirteenmile  Creek  Study 
Areas  were  nonsaline  (A,  B,  and  upper  C  horizons)  or  slightly  saline  (lower  C 
horizons).   The  slightly  saline  materials  are  undesirable  as  a  germination 
medium  (topsoil),  but  could  be  utilized  as  subsurface  material  in  the  plant 
rooting  zone.   All  of  the  samples  obtained  from  these  two  study  areas  were  non- 
sodic . 

The  A  and  B  horizons  (G-213  and  G-214)  in  the  soil  profile  from  the  Woodson  PRLA 
Study  Area  were  nonsaline  and  slightly  saline,  respectively.   They  were  both 
nonsodic   The  C  horizons  from  this  profile,  however,  were  both  highly  saline 
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Identification  of  Greenhouse  Samples 


Table  22 


Sample 

Study  Area 

USBR  Point  Site  No. 

Horizon/Depth 

G-159 

Upper  Thirteenmile  Creek              6 

Al 

&  Cl/0-8" 

G-160 

6 

C2k/8-27M 

G-161 

6 

C3r/27-52iI 

G-L62 

6 

C3r/52-76" 

G-163 

6 

C3r/76-100" 

G-164 

6 

C4r/100-120 

G-165 

9 

Ap 

&  B2/0-17" 

G-166 

9 

B3k  &  Clk/17-36" 

G-167 

9 

Clk/36-54" 

G-168 

9 

Clk 

&  C2/54-78" 

G-L69 

9 

C3r/78-108" 

G-170 

Southwest  Glendive 

11 

Ap 

&  B2/0-11" 

G-171 

11 

B3k  &  Clk/11-24" 

G-172 

11 

Clk/24-38" 

G-173 

11 

C2/38-50" 

G-174 

11 

C2/60-84" 

G-175 

11 

C2/84-120" 

G-176 

10 

Ap 

&  B2/0-13" 

G-177 

10 

B3k  &  Clk/13-33" 

G-178 

10 

C2/33-56" 

G-213 

Woodson  PRLA 

8 

Al/0-5" 

G-214 

8 

B2 

&  B3/5-24" 

G-215 

8 

Cl/24-42" 

G-216 

8 

Cl/42-58" 

G-217 

8 

C2/58-90" 

G-213 

8 

C2/90-120" 

and  highly  sodic.   These  horizons  would  create  deleterious  effects  on  plant  ger- 
mination and  development  if  they  were  replaced  in  the  root  zone  of  a 
reconstructed  profile;  therefore,  they  should  be  selectively  placed  beneath  2  to 
3  feet  of  nonsaline/nonsodic  material. 

All  of  the  plant  -  available  levels  (Table  24,  Appendix  D)  were  within  the  normal 
ranges  found  in  soils  (see  Table  26,  Appendix  D) .   With  the  exception  of  arsenic, 
all  other  total  analysis  levels  (Table  25,  Appendix  D)  were  also  within  the  nor- 
mal ranges. 

Statistical  analyses  were  performed  on  the  preplant  data;  the  results  are  presented 
in  Tables  27,  28,  and  29,  Appendix  D. 

Postharvest  Analysis  -  Soil  and  Overburden 

Postharvest  plant  -  available  and  total  analysis,  determined  by  E&A  Environmental 
Consultants,  Inc.,  are  listed  in  Tables  30  and  31,  Appendix  D.  Statistical  anal- 
yses performed  on  these  data  are  included  in  Tables  32  and  33,  Appendix  D. 

Arsenic  levels  (total  analysis)  were  again  high,  correlating  with  the  preplant 
analysis  data.   All  other  postharvest  plant  -  available  and  total  analysis  levels 
were  within  the  normal  ranges  found  in  soils. 

Correlation  of  Plant  Dry  Weights  and  Preplant  and 
Postharvest  Soil/Overburden  Analysis 

The  correlation  coefficients  for  dry  weights  of  the  plants  versus  the  preplant 
and  postharvest  soil/overburden  analyses  are  shown  in  Tables  34,  35,  and  36, 
Appendix  D.   All  of  the  "R"  values  (correlation  coefficients)  were  low,  indi- 
cating no  significant  trends. 

Plant  Tissue  Analysis 

The  data  obtained  from  the  plant  tissue  analysis  are  listed  in  Table  37, 
Appendix  D.   Statistical  analyses  performed  on  these  data  are  included  in  Tables 
38  and  39,  Appendix  D. 

With  the  exception  of  lead,  the  coefficient  of  variation  was  low  (Table  38). 
Cadmium  showed  the  best  correlation  with  plant  dry  weight,  with  an  "R"  value  of 
0.472  (Table  39).   Boron  may  have  been  sufficiently  high  in  some  plants  to  cause 
a  reduction  in  productivity,  i.e.,  sample  G-178  contained  46.69  ppm  B  and  pro- 
duced only  1.9  grams  of  dry  plant  matter. 

Summary  of  Findings 

1.  All  of  the  soil  or  overburden  samples  were  medium  or  moderately  fine  tex- 
tured.  A  few  of  the  samples  (obtained  from  C  horizons)  contained  a  high 
percentage  of  silt  (>80  percent),  making  them  undesirable  for  surface  repla- 
cement in  reconstructed  profiles.   These  materials  would  be  highly  susceptible 
to  wind  erosion. 

2.  Samples  from  the  Southwest  Glendive  and  Upper  Thirteenmile  Creek.  Study  Areas 
were  nonsaline  (A  and  B  horizons)  or  slightly  saline  (C  horizons).   They  were 
all  nonsodic.   The  A  and  B  horizons  in  the  soil  profile  from  the  Woodson 
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PRLA  Study  Area  were  nonsaline  and  slightly  saline,  respectively.   The  lower 
C  horizons,  however,  were  highly  saline  and  highly  sodic.   The  slightly 
saline  materials,  though  undesirable  as  a  germination  medium  (topsoil), 
could  be  utilized  as  subsurface  material.   The  highly  saline/sodic  materials 
could  severely  restrict  plant  germination  and  development  if  they  are 
replaced  in  the  root  zone;  they  should  be  selectively  placed  below  2  to  3 
feet  of  nonsaline/nonsodic  material  wherever  possible. 

3.  Arsenic  levels  (total  analysis)  were  high  in  both  the  preplant  and  posthar- 
vest  analysis  of  the  soil  and  overburden  materials.   However,  the  plant 
tissue  analysis  showed  low  uptake  of  this  element,  indicating  no  apparent 
phytotoxic  effects,  at  least  to  this  test  species  (Barley  Var.  Steptoe). 

4.  Boron  levels  (total  analysis)  were  within  the  normal  range  for  soils  in  both 
the  preplant  and  postharvest  analysis  of  the  soil  and  ovrburden  materials. 
However,  some  of  the  plants  contained  a  relatively  high  level  of  this  ele- 
ment, possibly  in  sufficient  quantity  to  reduce  productivity. 

5.  Overall,  the  correlation  coefficients  ("R"  values)  for  plant  dry  weights 
versus  both  the  preplant  and  postharvest  analyses  of  the  soil  and  overburden 
were  low,  indicating  no  significant  trends.   Cadmium  (in  the  plant  tissue) 
had  the  best  correlation  with  plant  dry  weight,  with  an  "R"  value  of  0.472. 

The  greenhouse  serves  as  a  valuable  tool  for  stratifying  overburden  materials  as 
to  their  relative  productivity.   This  type  of  evaluation  appears  to  be  a  very 
useful  part  of  a  screenable  testing  program.   The  combined  greenhouse  and 
laboratory  data  are  keys  to  identifying  the  nature  and  extent  of  further  eval- 
uations that  are  necessary  to  accurately  predict  revegetation  potential  of 
various  soils  and  overburden. 
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APPENDIX  A 
ENGLISH  TO  METRIC  CONVERSIONS 


ENGLISH  TO  METRIC  (SI)  CONVERSIONS 


Multiply  English  Units 
Inches 
Feet 
Miles 
Acres 

Square  Miles 
Acre-Feet 
Cubic  Yard 
Feet  Per  Mile 
Btu  Per  Pound 

Pounds 


1Z 
25.40 

0.3048 

1.609 

0.4047 

0.004047 

2.590 

0.001233 

0.7646 

0.1894 

0.556 

453.60 


Millimeters  (mm) 

Meters  (m) 

Kilometers  (km) 

Hectares  (ha) 

Square  Kilometers  (km^) 

Square  Kilometers  (km^) 

Cubic  Hectometers  (hm^) 

Cubic  Meter  (m^) 

Meters  Per  Kilometer  (m/km) 

Kilogram  Calories  Per 
Kilogram  (kcal/kg) 

Grams  (g) 


Convert  Degrees  Fahrenheit  to  Degrees  Celsius:   °C  =  5/9(°F  -  32) 
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ction;  bedding  nearly  horizonc.il 
e  lengths  to  2'. 
24.0-124.5'  Coal. 

125.0-132.0'  SILTY  SANDSTOHE:   light 
y;  moist,  uncemented;  crumbly;  9 
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4  J<:0<V] 


FEATUHE  .  , Burns   L 
holenoQHBA-UR. 

•  ■GUN  .  M.WAX  .  .   FINISHED.  !lttft 
DEPTH  AND  ELEV   OP  WATER 


.30,,  X:  X%  N-...  .R,..  .5.6.  .1 


EMRIA. 
.2.7.2.5'+. 


hhoriz  I.  Vertical  . 


losses  and  levels. 
Casing,  cementing, 
caving  -imdotheb 
drilling  conditions 


„ 


aril 


mv\ 


1603.1 
1600. ( 


Shaley  Coal:      150.8' 
152.0";    154.8-155.0'. 
167.  1-169.8"    LIMESTONE:      light   gray; 
U    dry;    very  hard;    silty;    concholdal 
fractures;    much  mechanical   breakage; 
strong  HC1   reaction;    bedding  not  dis 
cernlble;    core    lengths    to   6". 
169.8-209.4'    SILTY   SHALE:      light   gray 


TIT 


I 


HC1  reaction;  bedding  not  discernible; 

core  lengths  to  15". 

132.0-141.0'  SILTY  SHALE:   light  gray; 


oist;  cuts  easily;  sandy;  i 

CI  reacion;  bedding  nearly  horizon 
ore  lengths  to  ft'. 
132.8-132.9'  Coal. 

1.0-147.0'  SILTY  SANDSTONE:   light 


tion 


e  len. 


to  strong  HC1 
to  2'  . 
150-9';  151.5- 


;  bo 


its  easily; 
:tom  2.5'  is  very  s< 
ong  HC1  reaction;  1 
rnlble;    core    length 


-219.5'    COAL:      black;    moist 


219.5-226.6'    SILTY  SHALE:      light    to 
medium  gray;    moist;    cuts   easily;    air 
slakes;    sandy;    slight   HC1    reaction; 
bedding  nearly  horizontal;    core   lengthi 
to    18". 

222.0-224.0'    Sandstone-Silty , 
light   gray. 
226.6-2_29.7'    COAL:      black;   moist;    brlt- 


1 229. 7-2  31-7 '    SILTY,    CARBONACEOUS    SHALE: 


mediut 
illghc    a 


-252.1"    COAL:      black; 


!52.  1-270.0  -    .5.i\NL|Y_  _ij  _!_;;■  FuSE  : 


eaction;    bedding  ne 

267.3-268.0'  Coal. 

268.0-269.0'  Carbo 


fine  grained  sand; 
ily;  strong  HC1 
nearly  horizontal; 
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.  op. 
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.Burn?.  P«pk PROJECT P™IA JTATf Montana 

rM.o.     in->LOCATION|n-n'K-    <■    2  7  -°  '  F  •    ol    s  ■ lJ  •    Corner  ,,,«,. 

■P!-""-cooIm     M>5f     '^..1     »9eR       ?    '55'e   ground  elev.  ..?7?5.+ dip  mjvou  raovMoiai.j .  .VW  i.c.R.1 
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CLaSSJFICATKM  AND 


flOLOCENE    -    F.OLIAH? 


0-5.0' 


SILTY  SAND:  dark  gray  ai 
damp  to  moist; 
Fines;    657.    fine 


0-1";  tan  1-5"; 
352  nonplastic 

sand;    few  roots;    active  HC1    reaction; 
wind   blown.    (SM) 
LATE   TERTIARY    -    FLAXVILLF   GRAVEL'' 
5.0'-10.0'    SAND  &  GRAVEL:      gray-brown;     , 
ilightly   oxidized;    moist:    approx.    402 
'ine   to  coarse  sand;    502    fine    to  medium 
lubrounded    firavel    to    1";     102    nonplastic 
ines.    (CP-ON) 

1.0-20.0'    SAND:      gray-brown;    slightly 
.xidized;    moist;    approx.    902    fine   to 
tedium  sand;    10%  nonplastic    fines;    only 
rash  was    recovered.    (SP-SH) 
20.0-26.0'    SAND  t.   GRAVEL:      gray-brown; 


slightly  oxidized;  moist;  approx.  5 

fine   to  medium,    hard,    subrounded    gr 

to  IS":  402  mostly  fine  to  medium  sand; 

102   nonplastic    fines;    uncemented.    ( 

GM) 

6.0-27.0'    SAND   6   GRAVEL:       gray-tan; 


to  moist;  slightly  oxidized; 
lentcd ;  approx.  357.  fine,  hard, 
unded  Rtavel  to  1":  102  nonplast: 
;  552  mostly  fine,  uniform  sand. 


27.0-30.0'  SAND:   tan;  dry;  slightly 
prox.  952  fine,  uniform 

plastic  fines ;  uncementei 


fSPl 

30.0-35.8'    SILTY    SAND  &   GRAVEL:      tan; 
ixidized;    moist;    slight    HC1    reaction; 
incemented;    approx    152    low    tp   nonplas- 
:1c    fines;    452    fine  to  medium,    hard, 
lubrounded    to   subangular   gravel    to    IV 
.01  mostly   fine   sand.    (GH) 

PALEOCENE  -  TONGUE   RIVER   MEMBER  -   FORT 


; UNION    FORMAT in 


35.8-47.5'    CIJU'EY    ^  li  TS1<>NI-  : 


ily 


ello 


ife 


bedding  not  readily  discernible;  core 

broken  by  drilling  along  irregular, 

nearly  horizontal  planes  on  1  to  26" 

lengths  (Average  6");  low  plasticity; 

breaks  down  to  (ML-CL)  or  (ML) . 

38.2'  Two  opposing  90°  iron  stained 

joints. 
7. 5-63. S'  SILTSTONE:   yellow-tan;   oxi 


«  is- 


:  HC1 


simili 


ing  along 
planes  on 
to    (ML). 


Lterial  35.8- 
ic;  uncetnent 
broken  by  drill 
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JWA. 

.  ,2.720'E  pf,  S,R..  Cprner  ,„,,, 

T   19  ^i'R.  55  E     GROUND  ELEV   .//W.+  . 


.  STATE. . .»°otana 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


63.5-77.0'    CLAYEY   SILTSTONE:      light 

knife;    bed 


unoxidized;    we, 


ding  not    readily  diacern: 

drilling  along   irregular,    nearly   hor 

to  medium  plasticity  63-66';    low  pla 
ticity   below  66';    aoft    coal    74-74.1' 
breaks  down   to    (CL)    or    (ML-CL). 
77.0-88.2'    SILTY  SHALE:      light   gray; 


ois 


;  HC1 


firm;  trime  with  some  difficulty; 
medium  plasticity;  air  slakes;  bedding 
not  discernible  in  most  places;  broken 
by  drilling  along  horizontal  planes  on 
1-14"  centers  (Average  10");  V  coal  ai 
82.5'  and  82.6',;  breaks  down  to  (CL) . 
83.4-83.5'  Coal. 

10.3'  SILTY  SHALE  &  CLAYEY  SILT- 


STONE :   ligh 
reaction:  uncei 
knife:  bedding 
ible;  core  brol 

horizontal  plar 


1st:  weak  HC1 

trims  eaaly  with 
lly  not  discern- 
ken  by  drilling  along 

ular,    various  dipping   planes    in   silt- 
stones;    thin  bedded    to  banded    102.8- 
104';    medium   plasticity    shale   90-91.2'; 
91.8-92.5'    (dark  gray    to  black  carbon- 
aceous shale  cut   by  40-50°   slickensides 
92.2-92.5');    100-101.7'    and    109.6-110.3' 
remaining  material    is    low  plasticity 
clayey  eiltstone;    breaks  down   to    (ML-CL) 
and   (CL). 

110.3-110.8'  COAL: 
pla, 

111 


1-3"  centers. 
.8-133.8'  CLAYEY  SILTSTONE:   light 


ay; 


HC1 


tion 


not  readily  discernible;  cor 
drilling  along  horizontal  pi 
centers  (Average  12");  low  t 
plasticity:  contai 
raents;    cuts   easily  with   knif 


;  black, 
17. 9-119. I1 


holes  filled  with  carbonaceous  material 
120-120.8';  breaks  down  to  (ML-CL). 
133.8-135.0'  SHALE:   dark  gray;  plastic; 
HC1  reaction;  mottled  in  upper  and 
r  parts;  bedding  not  readily  dia- 
ible;  core  breaks  along  horizontal 
planes;  trims  easily  with  knife;  3/8" 
coal  at  133.8';  breaks  down  to  (CH) . 
135.0-136.0'  SILTSTONE:   light  gray  and 
green  mottled;  moist;  weak  HC1  reaction; 
ow  plasticity;  trims  easily  with  knife; 


eddii 
(ML). 
136.0-171.0 


dlsi 


nible 


:  &  CLAYEY  SILT- 


STONE:  light  gr. 
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h!Q2Q|N.  .&.2720;E.    of   S.W.  .Corn. 


,,  Sec.    24,    T.    \9L 
M\?k\..     DEPTH. 


55    E.  GROUND  EL 
F  OVERBURDEN     "'TTtt DEPTH .    26Q.0 


WHA STATE.  .  .  JtanXajyl  . 

-V.2.V.~- 
T0TAL 


P  (ANQL£  FROM  H 
BEARING.      .  - 


.Taucber .i.Eatlsb  . 


LOSSES  AND  LEVELS. 
CASING,  CEMENTING. 
CAVING.  AND  OTHER 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


tloi 


beddin 


ble;    core  breaks  along  nearly  horizoi 

rregular   dipping    planes    in  siltstonci 
rims  easily  with  knife;    silty   shale 
39.8-142.0';    146.0-156.4'    and    157.0- 
57.5'j    coal   at    156.4-157.0'    ;   V   coa 
t    156.0' ;    black  carbonaceous   streaks 
41.8-141.9';    remaining  material    is 
layey  siltstone;    breaks   down   to    (ML-I 
r    (CL). 
171.0-172.3   LIMESTONE:      light   gray;    aci 


HC1   reaction:    very  hard 
knife;    contains   silt   and   clay  contamina 
tion;    horizontally   bedded. 
172.3-200.5'    SILTY   SHALE:      light   gray; 
ly  with  knife;    medium 


plasticity;    bedding 
ible;    slight    to  moderate  HC] 
broken  by  drilling  along  ne; 
tal    planes  on    1-18"   centers; 
to    (CL). 
ZOO. 5-204.0'    SANDY   SILTSTONE: 


Ily 


Bible 


sily;    sand   ver 
tered   pyrite 
action;    beddin 


B38. 3-240.0'  CARBONACEOUS  SHALE: 
gray;  moist;  soft;  breaks  easily 
bedding  not  discernible;  no  HC1 
core    lengths   to  4". 

?40. 0-253.0'    SILTY   SHALE:      gray;    i 


soft;    crumbles  easily;    sandy; 
reaction;    bedding  not   discern 
lengths   to   6". 
;53.0-26O.O'    SILTY   SANDSTONE: 
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PLATE  19 


Method 

e  0-13 '. 
Hq  wireline  core 
13-254'.     Hater 

11   Null 
Water  losses  noted 
below: 
Depth  ILoss 

57-161 '  40 

161-114. 5'     30-40 
214.5-254'       40 

Casing  Record 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


Upper  Thi' 
o0Hai-104  u 
2-1.8-81    .  ,, 


lile  Creek  pboject 

»aii'   N.   S100'   E.   of  S.W.   Con 
Sec.   8..T.  ioX-v  K.   53  E.      " 

2-25-81         oiPTUOFOVES.URDtH 

See  Notes 


EHRIA 
29Q0'i 


Montana 
12  i      Verti.ca.1 


Set  Hw  to  prL    - 
iving  and  slow 
water  loss.     Set 
20.5'    on  2-18-81. 
Pulled  casing 
2-25-81. 

Progress  Record 


Depth 

57-111' 
111-161' 
161-214.5' 
214.5-154' 


2-19-81 
2-20-1 
2-23-81 
2-24-81 


Completion     2-25-81 
Hole  Completion 


Pulled 
,nd  backfilled  hole 
2-25-81. 


Depth 


Date 
2^15^81 
2-20-81 
2-23-81 
2-24-81 


! 


PALE0CENE-T0NGUE  RIVER  MEMBER-FORT 
UNION  FORMATION 
0-1.5'CLAYEY  mT  (T0PS0IL): 


approx 


crumbly; 


lightly  plast 
fine  sand;  bi 
strong  HC1    H 
(ML)   or   (ML-CL) 
1.5-8.5'   SILTSTONE:     tan  to  light  brown 
damp;   soft;  crumbles  easily;   slightly 
clayey  zones;  oxidized;  strong  HC1 
reaction;    bedding  not  discernible. 
6.5-13.0'    5ILTY  SANDSTONE:      tan;  damp; 
loose;  extremely  fine  grained-plus  and 
minus  200  sieve  size;  strong  HC1   reac 
tion;  bedding  not  discernible. 
13.0-32.0'    SILTY  SHALE:      grayish  tan; 
moist;    soft;   cuts  easily;    bedding  not 
discernible;  no  HC1   reaction;  core 
lengths  to  10". 

Note:     Driller  reports  small 
coal   seam  washed  away. 
22.0-25.0'   Very  silty. 
32.0-48.0'   SILTSTONE:     grayish  tan; 
moist;   soft;  crumbles  easily;   some 
layey  zones;  strong  HC1   reaction; 


bedding  nearly  hor 
12" 


ntal; 


39.9-40.0'   Coal-soft;  earthy. 
i.0-51.0'    SILTY   SHALE:      grayish  tan; 


t;    soft; 

strong  HC1   reaction;  bedding  not  dis- 
cernible; core  lengths  to  12". 
51.0-57.0'    SILTY   SANDSTONE:      tan  to 
grayish  tan;  moist  to  wet;  very  fine 
grained;   crumbly  to  loose;    strong  HC1 
reaction;    bedding  not  discernible; 
core  lengths  to  8". 
57.0-67.5'    SILTY  SHALE:      grayish  tan; 
oist;   soft;  cuts  easily;  weak   to 
trong  HC1    reaction;   bedding  nearly 
orizontal;  core  lengths  to  24". 
60.0-60.1'   Coal-soft;  earthy. 
60.1-60.6'   Carbonaceous. 
66.0-66.5'   Carbonaceous. 
66.5-66.6'   Coal-peaty;   black  and 
brown. 
67.5-73.4'   SILTY  SANDSTONE:     grayish 

rumbled;  very  fin< 
g  HC1   reaction;  bedding 


ot  di: 


73.4-1 


lengths  to  3". 
CLAYEY  SILTSTONE:  grayish 


ttom  of  ( 


idized  ; 


rumbles  easily; 
strong  HC1    reaction;   bedding  nearly 
horizontal;   core   lengths  to   15". 

73.4-75.4'   Clayey  zone. 
3.5-94.5'    CARBONACEOUS  SILTY   SHALE: 
gray;  moist;   cuts  easily;    numerous 
carbonaceous   fragments;    strong  HC1 


feature  . .  uPPer.  Th1rteermi  ] e, Creek project  . . .  EHRIA  . 


.Upper, Thi 
.  DH81-104 


rteenmile  Creek                         project                     emria 
"it&'.'Al'A.W'.  i.Qf  .S.W.  Con 
5«,.9..T,.2.Q.N,1%.R,,.5.3,.F,,.   ° 
?-?5-81    ,    ofpTHOFOveReuRoew  .  — -" depth.  .254. 

Parish 


.  .Montana. 

,zs  ..Vertical.  . 


reaction;   bedding  nearly  horizontal; 
core  lengths  to  12". 

89.3-89.5'   Coal-brittle;  wet. 
94.5-100.5'   SILTY   SANDSTONE:     gray; 
moist;  crumbly  to  loose;   very  fine 
grained;   strong  HC1   reaction;  bedding 
not  discernible;  core   lengths   to  6". 
100.5-111.0'    SILTY   SHALE:      gray;  moist; 
soft;   trims  easily;   strong  HC1   reac- 
tion;   bedding  nearly  horizontal ;   core 
length  to  12". 

102.8-102.9'   Coal. 
104.8'   Coal-V'  thick. 
111.0-125.0'    SANDY  SILTSTONE:      gray; 
wet;   soft;  muddy;   strong  HC1   reaction 
bedding  not  discernible;  core  lengths 
to  6". 
125. 0-150. B'   SILTY  SHALE:     medium  to 
dark  gray;  moist;   firm;   trims  easily; 
moderate  to  strong  HC1   reaction;  bed- 
ding nearly  horizontal;   core  lengths 
to  24". 

138.7-139.0'   Coal-black;  brittle. 
139.0-142.0'   Carbonaceous-nearly 
coal   at  139.8'. 
150.0-150.8'   Carbonaceous. 
150.8-164.1'   COAL:     black;  wet;   brittle 
154.1-174. 2TTLTY  SHALE:      gray;   moist; 
firm;  cuts  easily,   slightly  carbona- 
ceous zones;  weak  HC1   reaction;  bed- 
ding nearly  horizontal;  core  lengths 
to  24". 

172.7-173.0'   Coal-black;  brittle. 
174. 2-177.9'    COAL:      black;  wet;   brittle; 

shaley  parting  175.0-175.2'. 
177.9-202.0'    SILTY   SHALE:      gray;  moi' 
crumbly  to  firm;    trims  easily; 
carbonaceous  zones;   sandy  zones; 
scattered  pyrlte  nodules;   bedding 
nearly  horizontal;  strong  HC1   reaction]; 
core  lengths  to  30". 
193.0-193.1'   Coal. 
194.3-194.4'   Coal. 
200.5-201.3'   Carbonaceous. 
201.3-201.5'   Coal. 
201.5-202.0'   Carbonaceous. 
202.0-204.1'   COAL:     black;  wet;  brittle. 
204.1-206.3'   CARBONACEOUS  SHALE:     dark 
gray;  moist;   firm;   trims  with  some  dif- 
ficulty; very  weak  HC1   reaction;  bed- 
ding not  discernible;   single  core 
length. 
206.3-211.9'   COAL:     black;  wet;  brittle 

a  few  thin  shaley  partings. 

211.9-244-0'   SILTY  SHALE:     gray;  moist 

to  wet;   crumbly   to  firm;   medium  to 

strong  HC1   reaction;  bedding  nearly 

horizontal;  core  lengths   to  30". 

234.5-241.0'   Silty  sand  zone. 
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P?r1Sh LOG  REVIEWED  BY 


Moo 


244.0-254.0'    SILTY  SANDSTONE:     gray; 


soft;  crumbled;  very  fii 

ed;   strong  HC1   reaction;   bedding  i 

discernible;   core   lengths    to   18". 


Er;^ 


feature  ,  . uPP?r. Thirteenmjle.tr^k. 
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U5'S, 


PROMT.  • 
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HOP  0VBR1UR0EN 


DfLEV.    .2910'+ I 

TOTAL       log   0' 


DEPTH. 

Parish 


STATE. 

■  (angle  mom  Homt 

■  EARIMQ. 


Montana 

Vertical 


NOTE!  ON  »ATER 
LOME1  AND  LEVELS, 
CA1IN0.  CEMENTING, 
CAVIHC,  AND  OTHER 
DRH.LIN*  CONDITIO  KJ 


Hat hod 

drive   sample 
0-10'.      Hq  wireline 

10-198".  i 
and  Revert  used 
drill   fluid.      U 


iring  i 

.  beloi 


:ill 


0-44' 
44-114 
114-181 


2-25-81 
2-26-81 
3' 3-81 
3-4-81 


Hole  Completion 


Levels 


it   stabilized. 
Depth  Date 

33.5"  2-26-81 

47.5'  3-3-81 

46'  3-4-81 


SCORE 
LOU 
CORE 
IECOVERY 


Bilt] 


HOLOCENE 

O-Lj1    TOPSOIL:      appro*.    901   lov  plastic 

lty    fines;    10X  Mostly    fine  sand;    scatter 

ed  gravels    to    3/4"  diameter;    dark  broi 

mo  I H  c  ;    crumbly ;    abundant   grass    roots; 

HC1   reaction;.    (CL) 

PLEISTOCENE  DEPOSITS? 

1.5-2.6'    GRAVEL:      approx.    551   aubroun. 

to   subangular  gravel    to   \V;    35Z   fin* 

coarse  sand;    101  slightly  plastic   fin. 

light  brown;    damp;    loose;    some   callchi 

strong  HC1   reaction.    (GP-OO 

2.6-14.0'    SANDY   SILT   to   SILTY   SAND: 


lilt 


fr. 


i   appr. 


651   i 


th  depth; 


nplai 


Cic     El: 


ly    fine  sand 
extremely   fine  sand  with    302   nonplaatic 
fines;    ten;    damp;    loose    to   crumbly; 
strong  HC1   reaction;    slightly  clayey   9- 
10';    scattered,    rounded    igneous   gravels 
to  it"    from   13.5-14.0'.    (ML)    to    (SM) 
PALEOCENS  -  TONGUE  RrVER  HEWBER  -   FORT 


30.9-31.0'    Carbonaceous   shale 

and  soft,    earthy  coal. 

38.0-38.2'    Coal. 
44.0-49.3'    SHALE;      light   gray;   moll 
'■-'-■!■    easily;    ailty;    moderate  HC1   i 
tlon;    bedding   not  discernible;    cori 


lengths 


3' 


.7'    Shaley  Coal-black; 

soft;   more  clay    than  coal. 
49.3-51.0'    SHALEY   COAL:      black  and  dark 
gray;    about   as  ouch  shale  as   coal. 
51.0-94.0'    CLAYEY   SILTSTOHE:      li8ht   gra« 
moist;    cuts   easily;    scattered   ailty   shal 
zones;    Moderate   to  atrong  HC1   reactii 
bedding   nearly  horizontal;    core  leng 
to    3'. 

63.7-63.9'    Coal-black;    shaley. 

74.0'    Coal-V    thick. 

75.0-75.2'    Carbonaceous. 

101.9'    SHALE:      medium  gray;   : 


94. 


olst; 


firm;    trims 

occasional  V  diameter  pyrite  nodules 
bedding  nearly  horizontal;  core  lengt 
to   3V. 

100.0  Coal-V    thick. 
101.9-124.2'    COAL:      black;    wet;    britt 

covery ;  driller  reported  that  sample 
washed  away  during  drilling;  shoe  of 
barrel  contained  a  pyritlc  coal  bed 
aaaa— .    I"   thiak. —  ._.. 


TFp.l 


.  D  ■  PI— mmt,  H  -  Hvratalll 


p  -  p*a*>,  c-  -  c« 


.  SW.  C  -  Own 


.I.,~li..,...).e. 


FEATURE  .  .  .Upper  .Tl)4.rteeij»4J.e.  Creek.  , PROJECT 


I  NO  DUUli-lOs. 


PiATuac  .  .uPP*r  .V&T.  t«.««»U«  .SwH project  . . .  P*1* 


JNEET    2..0P.2  .HOLENO..Dl!81-105. 


VHITtD   $TAT€t 
0£P*ftTMENT  Of  ThET  IMTtHlOA 

•imcaw  or  mcuuunoti 

RESOURCE   AND  POTENTIAL    RECLAMATION  EVALUATION 


GEOLOGIC  LOG  OF  DH  81-105 


CMCCfffO- 


fc_r~5*' „FI£LO   AF+ltOVAL--- 

\ J  HCMNK4i  APHtQVAL- 

A»**OV«0 


§HJ.IM«S,  MOHTAMA 


wrm 


11305-600-362 


PLATE  21 


railing   314-C 


iethod 


5-  dr 
3-7/8 
15.0    Ci 

;s.o  t 

52.0  t 
'0.0   t. 


to  25.0   ft. 

!9.0   to  52.0   ft. 

S4.0   to  70.0    ft. 

to  140.0   ft. 


70.0' 
101.7-113.0' 
JaglngRecord 


GEOLOGIC  LOG  OF  PRILL  BOLE 


peatum  .  .S,W.  ,Gien<Uv.e. project.  .TOW state.    Kpn.t#n*, , 

LOCATWM.3..Q'.  .H-MQ-.O.'.  .H:  fit.  A*.  .Con 


hole  wo  OHSl-ild 


orouwo  BLBV.  2,5.7.5+  . 


■■SUM  .  .3/1U91  .  .  FMHHI D.  .  .V.W8.1. . .  DEPTH  Of  OVBRiUEOEW DEPTH.  M0.- 0',  .  .    aiarinc 

0LEmASHD%lTf°Hl"lult\>    ...%m  Jtat*» LO*«*»  •».  .Botdurf LOO  REVIEWED  BV 


HOTESONVATER 
LOUIS  AMP  LEVELS. 
CAHWS,  CBWIHTIHG, 
CAVNtC,  AWD  OTHER 
DtllLLIWC  COWtXTMM 


20.0  ft 
29.0  ft 
54.0  ft 
77.4    ft 


40 


3/12/81 

3/13/81  20'  Hw 
3/14/81  20'  Hw 
Total  80.0  Hw 

lied   casing   3/16/ 
Progress   Record 

Date 

37iT7e: 

3/12/81 
3/13/81 

3/14/81 


0.0-20.0 


20.0-52.0 

52.0-77.4 

77.4-93.0 

93.0-140.0'    3/15/81 
lompleted    3/16/81 
lole  Compl 


/16/81  Backfilled 

>p  3.0'    with  cemei 
hater  Level fc 


3/12/8lDry 
3/13/81 
J/14/81 
1/15/81 
1/16/81 
Jater  level 
ibilize. 


Dep 


*#»*•■.  .11.. 


CLAlltrtCAtKW  AWD 
PHYSICAL  CONDITION 


PLEISTOCENE( ?) — EOLIAN 
0.0-2.0'    TOPSOIL:      brown;    raols 
reaction;    nonplasticity   flnea; 
eilt    loan;    roots   to   1.5'    (KL) 
2.0-10.0'    SANDY  CLAYEY   SILT: 


CI 


mff-1 
95* 


nonplasticity  finea:  5Z  very  fine 
core  lengths  are  poor  increasing  to  51 
below  5'  as  low  plastic  finea  increasi 
aticky  when  wetted;  ahovea  with  knife 
(Ml)    to    (ML-CL) 

2.0-3.5'    Caliche    zone  with  white 

PLEISTOCENZ-CAJTlViqCnT  GIAlfBL 


10. 0-15. T    GRAVELLY    SAND ;       buff- 


brown  when  moist 

!      sligh 

503    fine,    hard. 

subsngu 

50*  medium  to   co 

14.0-15.0'   gra 

vel    la  i 

15.0-25.0'    SAND: 

tan;   i 

;    •"'■"  medium 
fine,    hard,    subrounded   gravel   to   11 
mlcaceouo;    poorly  cemented .    (SP) 
22.0-23.5*Sllty  sand    zone  of   30X 
plasticity    fines  and    70S 
sand.    (SH) 
25.0-33.0'    GRAVELLY   SAND: 


fine 


8  HC1 

hard ,    aubrounded 
IV;    60%  very   fli 


ion 


30Z  oedli 
.ubanpila: 


slzi 


strong  HC1    reaction;    353   alight    plas 
Ity    finea;    653   fine  sand;    core   lengtl 
to  IV;    fair  cohesion;    crushes  with 
fingers.    (SM> 
42.0-44.0'    GRAVELLY   SAND:      tan;    molsi 


(SP! 


I  strong  HC1    reaction;    801   fine  aand;    201 
medium-hard    subangulai 
44.0-57.0'    SILTY    SAND 

reaction;    651    fine  aand;    351 
^■■light    plastlcltv    fines;    core    lengths    ti 


Mir 


-78.0' CLAYEY   CRAVE! : 


HC1  reaction;  60T  fine;  I 
gravel  to  D*"j  20*  low  ] 
203   fine   sand.    (GO 

ALEOCENE-TONfTUE  RIVER   MEHBER- 


FOFT    UglQg    FORMATION 

.0-101.7'    SHALE:      light    gr. 


light  HC1 
ow  plastic 
ore    lenght, 


l  knife 
dlscernibl 

sulfide 


^"^}i^X"]  E.  Z  !:{/a" 


I.  ■  l-S/l" 

o-  -  i-i/v: 
■■  >  i-vj". 


GEOLOGIC  LOG  OF  DRILL  HOLE 


piatum .  .5  ,W.  .01«n<U« mown.  .™>« 

IIOIM  ■  .3U1/81  .  .   FIMBHID.  ■  ,3/J.ft/^U  .     D1PTH  OP  OVtmutDMN DEPTH.  A^A-A'.  .  .    IIARIHO. 


OPOUNOILIV. 


STATE.  -  MPP.tpPP 

DIP  tAJtOLt  FKM  HOm>    y*.r.t.1.c.«.1.  . 


•fEUlL'ISo'.ST.'i.'.KKfc.  .S«  JtaU.  . 


.BqtdQCt LOC  REVIEWED  iY. 


WOTES  OH  WATER 
LOIJIS  AWD  LEVELS. 

CASIWC,  CUMH1  H 
CAVING.  AMD  OTHER 
OtILLIHC  COWDtTWHS       a-OLf 


! 


CHJSIPICATiOH  AWD 
PHYSICAL  CONDITIO* 


101.7-117.1'  COAL:   black;  dry;  pla 


gray;    moist;    slight  HC1 
breaks  along  bedding  plat 
bonlzed    fragmenta;    core 

118.0-140.0'    SANDY   SHALE 


3" 


moist;    cmmbly  and  knife    leaves  a  dull 
sheen;    low  plasticity;    strong  HC1 
reaction;   bedding  Is  discernible, 
horizontal,    and   appears  varved;    about 
253   fine  aand    118.0-127.0   that  decrease 
rapidly  with  depth. 


hIuimI*<I 


■  Pattx, 

-  ;.■••'■■. 


rlMltlt..  1 

1-7  V-. 

i-i/r\ 


featuhi .  .  S  ,W.  GlcoUvt paojECT  .  JWUA  . 


.  SHEET  .1.  .OP  .  -2.  .  ML!  MO.  .99WtJ9v. 


PEATUIE  .  A"-.   <>\V.*frf PPOJECT  -  .  CHBI*. 


-  SHEET  X  .  ■  OP  .  .  2.  MOLE  HO    S2W.-U&  . 


vmno  STATES 
KMjrrn£NT  or  the  ihtciho* 

tUHtAli  Or   RECLAMATION 
RESOURCE   AND  POTENTIAL    RECLAMATION  EVALUATION 
NORTHEAST  MONTANA    INVESTICATIONS 
SOUTHWEST  6LENDIVE   STUDY   AREA-UONTANA 

GEOLOGIC  LOG  OF  DH  81-106 


ttaMY.i-?:?!?. 

ORMmH 

CNECKC0 

iiuiM,  Mflkl 


fICLO   krptiOVAl 

TCCHHICAL   AfVfKJVAL- 
AFPHOVtO 


Lay, iti 


1  1305-600-363 


PLATE  22 


GEOLOGIC  LOG  OF  PRILL  HOLE 


■*TUt«.SW.?lw4iye 

location. 75! .5.  .$ 

•ICUM  .  .  3-16-81    .   finished.  .  3t27t81  . 


Nw.Ei«.P5eiT;o7 


PROJECT.  .Pffil*  .  . 

WW .V,    Of  .Iffi.Qqi 

T  ».;$.«  i.  *i.HJh 

DEPTH  OF  0V1RR.URDEN 


cikiund  elev    .3W9'.±- 


STATE-  MontAW 

TKmftanii  )      Vertical 


E  MEASURED.     5*e    Not. 


NOTfS  OM  WATER 
LOSSES  AND  LEVELS. 
CASING  CEMENTING. 
CAVINC.  AND  OTHE* 
DRILLING  CONDITIONS 


mounted. 

Driller 

R.V.    Shaw 

Method 

Bx  casing  drive 

samples  0-25'. 

Rockbit    <3-7/8") 

25-96'.      Driller 

could   not  obtain 


0-20.5' 

20.5-70.5 

70.5-90.5 

90.5-95.5 
Casing  pulled    3-26 
and   3-27-81. 
Profi; 


3-17-8 
3-18-8: 
3-2  5-81 


Depth 

Date 

0-20' 

3-16-81 

20-69' 

3-17-81 

69-92.5' 

3-1B-8J 

92.5-129' 

3-25-81 

129-159' 

3-26-81 

Finished    p 

jlllng 

casing    3-2 

7-81. 

Hole   Compl 

Pulled   cas 

ng  and 

backfilled 

hole 

3-27-81. 

W.iter    Levels 

tabilized. 
Depth 


3-17-8 
3-18-8 
3-25-8 

3-26-R 


5  Z 


'IK 


f. 


1 


■ZZ 


in- 


m 


•V 


<;■£. 


■M 


PLEISTOCENE   (?)-E0LIAN 
0-1  .5'   TOPSOIL:      approx.    801  very   low 
plasticity   fines;    201  very   fine   sand; 
dry;    crumbly;    brown;    strong  HC1 
reaction;    scattered   grass   roots. (MX-CL) 
1.5-8.0'    SILTY  SAMP:      approx.    60X  very 
fine  sand;   40X  nonplastlc    fines;    dry 
loose;    can;    strong  HC1    reaction.      (SM) 
PLEISTOCENE-CARTWR1CHT  GRAVEL 
8.0-30.0'    SILTY   SAND:      poor   recovery— 
mostly  wash  samples;    approx.    801 
mostly    fine   sand;    201  nonplastlc    fines; 
scattered    small    gravela  to   V;    occa- 
sional  thin   silt    layers  and  very  silty 
sand    zones;   dry  to  moist;    light   brown; 
strong  grading  to  weak  HC1   reaction. 
(SM)   with   layers   of    (ML). 
30.0-92.5'    GRAVEL:      logged    from  wash 
samples— could  not   hold   gravel  in  core 
barrel;    approx.    70Z    fine  to   coarse 
gravel;    30Z   fine   to   coarse   sand; 
scattered  cobbles;    occasional   silt   or 
silty   sand    layers    from  1'    to  2'    thick 
between   38.2  and   69'    (drill   report); 
brown;    loose;    no  HC1   reaction.    (GP) 
PAIEOtENE-TONGUE   RIVER 

! "RMATION 


■•>_  .  1-118.7'    SILTY    SHALE: 
medium   gray:    firm;    cuts  . 


light 


to   18". 

Carbonaceous   zones   at    105.5-105.8'; 

114.6-115.0'    and    118.0-118.3'. 
118.7-134.1'    COAL;      black;    wet;    brittle 
134.1-159.0'    SILTY   SHALE:      light    to 
medium  gray;    moist;    firm;    cuts   easily; 
scattered   pyrite  nodules    to   IV;    strong 
HC1    reaction;    bedding  nearly  horizontal 
core   lengths  to   20". 

135.3-137.0'    Coal-black;   wet;    brittle 


1 


*»»V.H.I..  .fh.1.  (X-«M. 
A**.... I  «...  (*...... 


GEOLOGIC  LOG  OF  DRILL  HOLE 


PEA  time  .  sy.  plpi^Y? PROJECT.  .  .  FMRLA. 


hoi.1  -O..PP81  -107  loc*™" 

■  EGUN  .  .  3rl6781        FINISH!  I 

»TH  AND  ELEV.  OPIATE* 
VEL  AND  DATE  MEASURED 


?5.'.S,.6  l??Q.'.H,.oflJE  Corner 
.S«..2§..Ti  .15.(1,.?, . 53. E..   c"°' 


-*FW.  fV 

3-27-81 
See. No 


rlOP  OVERiURDEN  .       "' 
LOGGED  IV 


2600+ 

'.'.  in?, 


.  STATE  .MqnMn* 

*nomHomt  >    .Vertical  . 


.Pariah loc  reviewed 


NOTES  ON  "ATE* 
LOSSES  AND  LEVELS, 
CASINO,  CEMENTING 
CAVINC.  AND  OTHER 
DRILLING  CONDITIONS 


100 


2465.9 
2464  7 
24630 


[,.,11.1, D  -  Diw^,  H  -  h.„..iIif.,  i.SW,  C 

IL"     ,rr..|Lu  <X-„ri..I     .  Cj.  -  1-1/3",        A. -l-T/»".        ■.  ~1V 


■  -  i-i/«;;. 

i-n/ri". 


PlATWIt  .?V.G^ndive PROJECT 


2     MOLE  NO     PHSlrlP? 


SH  Glcndlye project  .  .^P***; STATE  .iQOtaaj 


.2      HOLE  NO   DH81rl07. 


UNITED    STATCt 
OEPAflTUENT   OF   THE   INTERIOR 

gUHEAU    OF    REO.AUATIOM 

RESOURCE    AND  POTENTIAL    RECLAMATION  EVALUATION 

NORTHEAST  MONTANA    INVESTIGATIONS 

SOUTHWEST  6LENDIVE   STUDY  AttEA-MONTAMA 

GEOLOGIC  LOG  OF  DH  81-107 


a£OLOor.k-™*L*a J FH 

DRAWN TECHNICAL   APPROVAL.. 

CHECKED APPROVED 


3ILLIN0$,   UOHTAMA 


mf 


""I  1305-600-364 


PLATE   23 


GEOLOGIC  LOG  OF  DRILL  HOLE 


FEATURE  .¥*«*?.< 
HOLE  NO    W91-IQS 


LOCATION   790'     S 


....  FROJECT 
.4  1580"  E.of  W  Con 
,    T.    20  N. .    R.    49E 


FINISHED         4-11-81         oE^TH  OF  OVERBURDEN      .  ,7777...  DEFTH       i^?l' 

rEA*u"D       s«?e   Notes  LOCOED  BY        Parish 


Falling   314C  1 


noted   below. 

Depth  I  L 

4.6-5.3'  10 

15-23. S"  10 

33-93'  10 

93-103'  8 

103-163'  1 

163-242'  2i 

Casing  Record 
iet   Kw  to   preven 


loS! 


Pull.'. 


tion  of  hole 


Dati 


0-25.5 
25.5-30.5*    3-29-81 
30.5-80.5'    3-31-81 

Pull. 
Prog. 


Depth 
0-33' 
33-76* 
76-93' 
93-103' 
103-123' 
123-163' 
163-203*  4-9 

203-242'  4-1 

Compl eted   hole 
11-81. 

le  Completion 
Pulled  casing  a 
ackfllled  hole 
-11-81. 


Pat. 

3-28-81 


3-31-81 
4-1-81 

4-8-81 


3-29-81 

3-30-81 
3-31-81 
4-1-81 
4-8-81 
4-9-81 
4-10-81 , 


m~. 


68.0 

72.5  : 


I 


PALEOCENE-- 


RIVER   HEMBER- 


FORT  UNION  FORMATION 


'•i-i  .  .■'    TOF-OII   :       approx.    805     slightly 
plastic    fines;    20X    fine  sand;    dry; 
crumbly;    strong  HC1    reaction;    scattered 
grasB  roots.    (ML-CL) 

1.5-4.4'  CLAYEY  SILTSTONF.:  tan  to  llghi 
gray;  dry;  crumbly;  strong  HC1  reaction; 
weathered    to  a   clayey  silt;    core    lengths 


■■    i-i8.        --.-v.;-        -.-■■:    ■.■ 


oist;  loose  and  sandy  n 
asily  crumbly  near  bote. 
eactlon;    bedding  nearly 

11.2-11.4'  Carbonaceou 
8.0-23.0'  SILTY  SHALE: 


bedding  nearly  horizontal;    core 
to  6". 

23.0-23.1'    COAL:      black;    damp; 


.0'    CLAYFY    SILTSTONE:       tan 


light  brown;  firm;  cuts  or  crumbles 
easily;  strong  HC1  reaction;  bedding 
nearly  horizontal;    core   length: 

46.6-47.2'    Coal   -  black;    brittle; 

broken. 

Carbonaceous   Zones  -   55.0-55.3", 

56.0-56.3',   and   60.0-60.2'. 
68.0-72.5'    SHALE:      gray;   moist;    firm 
trims  easily;   strong  HC1  reaction; 
bedding  not   discernible;    core  length: 
to   14";shaley  coal    71.2-71.5'. 
72.5-76.0'    SANDSTONE:      poor  recovery 


12" 


cemented;  fine  grained;  bedding  i 
discernible;  core  lengths  to  2". 
76.0-76.8'    COAL:      black;    hard;    bi 


76.8-90.0'    SANDY  SILTSTONE:      light  gra; 
moist    to  wet;    core   badly  washed; 
crumbly;    strong  HC1    reaction;    bedding 
not  discernible;    core   lengths   to  4". 
90.0-103.0'    SHALE:      gray;    moist;    firm; 


-110.4'    COAL: 


SANDSTONE :      gray; 
ilv;    fine  grained; 


nt«4,  C*  •  e»><«*  el  e. 

\/r\     b"  -  i-s/rv 
-it/j:".  b.  1  i-a/i'v 


GEOLOGIC  LOG  OF  DRILL  HOLE 


.1..0F-    3     HOLE  NO  nHei-H 


GEOLOGIC  LOG  OF  DRILL  HOLE 


FEATURE     .  Circle    2 PROJECT         ™T* 

M „„<,!    1flfi    LOCATION79D'    S..fc  1580'    E-    of  NW.  Corner 

hole  no  DHM.-A0P  S«=..2p..X..20.H„.H,.*9.E..   c"0lJMt>  el 

■ecun  .  .  .3.-,2.8,-8l     finished  .  V-U-81.      defth  of  overburden         — - 

DEFTH  AND  (LEV    OF 


EVEL 


See  No.tes 


locced  bt        Parish  . 


J  224.8 

60 


2276.6206.4 


JticHS. 


m  1-W/JJ".    B^-I-l/l"!   N.  -3" 


FEATURE  .  .  CJTCle,  2, 


3    HOLE  NO      HH&L-lOa 


UHITE0    STATES 

DEPARTMENT   OF   THE  INTERIOR 

BUREAU  OF  RECLAMATION 

RESOURCE   AND   POTENTIAL    RECLAMATION  EVALUATION 


GEOLOGIC  LOG  OF  DM  81-108 


«aoor.t_f*f7is?_ 

DRAWN 

CHECKED 

TJuWCsT MONTANA 


FIELD   APPROVAL 

TECHNICAL  APPROVAL 

APPROVED 

"""""I  1305-600-365" 


PLATE   24 


■w...  -  ...u 

«.,- 

GEOLOGIC  LOG  OF  DRILL  HOLE 

SHEET        3           OR...?.-. 

.  -     PROJECT     EMRJA 
,    of   SW   Corner                              "       ' 
r     69  r"    ground elev     2475  ,± d 

TOTAL       ...     ., 
OF  OVERBURDEN      .       tttt DEPTH.  .244, Q' 

STATE,      flon^ni 

P  i-A/VGLE  FfiQMHORIZ  )   VetttCfll 

-     BEARING-  ■ ■ 

■EOUN  .  .  .4t12t91  .  FINISHED.  .4?«7«  .  .     DEPTH 

DEPTH  AND  ELEV    OP  VATER            -          „                                                                                           -        -    . 
LEVEL   AND  DATE  MEASURED          5<jeNottJ9     .                                          LOCCED  ET       F9 1  i8D L 

KKvinnn 

NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.   CEMENTING 

DRILLING  CONDITIONS 
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wo-ja  f>o 

2231.0 
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APPENDIX  C 
SOIL  AND  OVERBURDEN 


PLATE   26 


■*Z1 


^ 


A     -. 


SE   Corner.    2-42, 

complex- fill  area 
(alluvium).  Very 
gravelly/cobbly   SL 


Profile  -  Ap-0-61 
B2-6-17",  B3ca-1 
21*",  Clca-24-33" 
C2-33-48",  1IC-4; 
24-48"  zone:  SAR 
1.34;  Gyp.  Req.  ■ 
+3.12;  Lab  cextui 
L.    Small   grains. 


SE  Corner.  4-82, 
complex,  soil  de' 
veloping   in  old 


of  WS 

.    4-82 

cample 

old  a 

n.    Pro- 

file 

Ap-0 

6",    B2 

6-10' 

,    B3ca 

■10-17" 

Clca- 

17-30" 

C2-30 

48", 

IIC-48 

+  . 

Depth 
grave 

1    tang 

d    & 
s    from 

30-54 

1    high 

in  ur 

It    hav 

40-501 

4*>  700'  N.,  425'  E.  of 
w\.  0-42,  complex, 
fill  area  (alluvial/ 
colluvial).  Ap-0-5", 
Cl-5-9",  C2ca-9-18", 
C3-18-120".    72-96" 

8.6; 

+1.0; 


£U 


ftH. 


Ap-0- 

)*',    B2-6-9", 

B3ca- 

1-12" 

Clca- 

12-36 

'.    C2 

36+. 

About 
0-6" 

5£  gravel    i 

ed   gr 

iveiy 
-face 

obble 
36-60 

+1.17 

Gyp. 
Lab 

Req.    ■ 

S1L.    Small 

grains 

SW   Coi 

ner.    4-82 

compU 

k;    old   allu 

turn.    F 

rofile   -  Ap 

0-5", 

B2-5-7",    B3 

7-15" 

Clca-15-30 

C2-30- 

48",    1IC-48 

About 

51  gravel    ir 

soil    n 

surfac 

e  gravel/ 

cobble 

-  highs   have 

30-40* 

surface    ro< 

800'    S-,    550"    W. 


of    E>t.    0-82   compl 

soil   developing    i 

old  alluvium.    472 

gravel    in  surface 

10"    (lab).    10-252 

gravel/cobble  on 

surface.    Profile- 

Ap-0-5",    weak  B2- 

5-10",    B3=10=14", 

Clca-14-24",    C2- 

24-72",    C3-72-96, 

C4-96-120".    48-72 

zone:      Gyp.    Req.    ■ 

3k. 

12- 

202 

omplex; 

up  1  -I'liJs 

ial 

cap 

ove 

lying 

:y   s 

lale 

Al-0-3 

AC- 

J-6" 

CI 

a-6-24" 

LIC 

-24- 

6"+ 

5-102 

Rra 

vel 

n  0 

24"   zon< 

Loc 

aliz 

d   h 

ghs    in 

uni 

t   have    30-402 

1550'    S. ,    1550' 

of   NE  Corner.    2- 

complex  sideslop 

along  Whoopup 

Creek   drainage. 

Old  alluvium.    56 

gravel    in   18-30" 

zone    (lab).    Unab 

to  penetrate>30" 

due    to  gravel/ 

cobble.    Al-0-3", 

Bl-3-8",    83-8-11 

Clca-11-18",    C2- 

18-30"+.    Western 

<^ 


500'    S. ,    1300'    E. 


^ 


sk 

0-42  comp 

ex. 

tl 

1   area   (alluvial/ 

CO 

luvial)    ov 

;r 

sh( 

le.   Ap-0-6 

',    AC- 

6-. 

".   Clca-8- 

7". 

60' 

,    C 4- 60- 84 

,    HC- 

84' 

+  -  wear,  he 

ed, 

clayey  shale. 

Depth 

shale    rang 

trt 

m  84-120". 

Small 

5 

SlL 
9iL~ 

*fc 

EV     8- 

to   40* 
velop 

wash 
0-2", 

152   complex- 
lopes   adjacen 
ded   outcrops 
.   Soil  de- 
ng   in   local 
alluvium)    Al- 
Clca-2-18", 

C2-18- 

LOB",    C3-108- 

•» 

5iL- 

-+T 

120"+ 

Eroded   highs 

££1L 

Stl- 

cobblt 

of   gravel/ 
.    42-60"   zone 

« 

V^t 

fn 

Bluebi 

„ch  RZlTtr,s 

A^ 


1150'    N. ,    825'    E 
of  S*i_.    2-6)1   complex 
fill   area    (alluvial/ 
colluvial).    Al-0-3", 
AC-3-5",    Cl-4-48", 
C2-48-60",    C3-60- 


120" 


Surfa 


1.0;    Gyp.    Req.    -  - 
2.0;    Lab   texture  1 

grass,    tleedleand- 


,    1400'    E. 
of  Wt.    6-152   comple 
ridge-shallow  soil 
over   shale.    Depth 


8-14",    C2-14-20", 
20"+  -shale.    14-20" 
zone:    Gyp.    Req.    ■= 


SiCL.  Small  grains 


400'S.  and  2250'E.  of 
Wt.   Refer  to  Point 

Site  till    for  profile 


5*0.22,    r ;  is m,A $$£ 

:    ^-yTr+re^     70°"    N-.    2000'    W.    of 
.    4-82   complex,    up- 


O^ 


Sit.    6 

Ui   complex. 

foots 

ope   (alluvial 

eollu 

/ial).    Al-0-1" 

Clca- 

-32".    C2-32- 

45", 

;3-45-60".    IIC 

60-84 

♦  weathered 

silty 

shale.    Highs 

in   un 

t   have   10-202 

face) 

Range-Wester 

wheat 

trass.    Needle- 

tAts?— 


SOIL    PROFILE    NOTES 
PROFILE     REPRESENTS   10' DEPTH 
^3J   SOIL    PROFILE    NUMBER 


LAND   CLASSIFICATION   SYMBOLS 
LAND  CLASS  - 


SCALE      OF      FEET 


CONVENTIONAL    AND   SPECIAL    MAP  SYMBOLS 

LAN0    FEATURES  WATER    FEATURES 


Topographic   deficiency 


GEOLOGIC    MATERIAL 

Quality 

Depth  (Fi) 


Sandy  Cloy  L 
Cloy    Loom 
Silty  Cloy   Li 


Cobbly   spot 


INFORMATIVE      SYMBOLS 
PLANT       MEDIA     DEFICIENCIES 

o      Sodicity 

s      Salinity 

h     Claylv. 


xture) 


spol  [H 


c) 


Rock   outcrop  [includes  shoe  ond  sandstone) 

Baked    fock  (scoria)  outcrop 

Slide  or  slip  (lips  pom!  upslope) 

Stcny  spot ,  very   stpiy  spot 

Greosewood 


0AM  S 


try  sandy  l 

k      Gravel  (soil    profile) 

q     Available  moisture  capaoty 

*     Cobbly  .stony^loggy  or  dinkers 

(soil  profile) 
b     BedrocV  (hard  or   partially  weathered) 

TOPOGRAPHIC    DEFICENCIES 

g     Slope  (including  gradient  and  com  plenty) 


DAWSON     COUNTY 
SECTIONS    14  ft  22       -     T  15  N.  ,  R.  53  E. 


SEMI-DETAILED    LAND  CLASSIFICATION 


CLASSIFKT)  _ 


" FIELO   AfPfKXmL 

TE&HICAL.     Af>moVAi__ 


BILUNGS.MOH 


""°"9"|  1305-600-368 


PLATE  27 


.,,(E 

i.    1/2     SECTION      &                    SECTION     8 
I—,                                                  CD— 

c 
c 

L- 
Sh" 

/ 

u 

^^_ 

6st  . 

3s6;hg"l 

L  "  xt^  225'S.,    1000'   W.    of      <■■*"  ^~ 
ffT-^  W-  >iL    -■""■!.    II--..    ,ou-      " 
lt*  s*o  plex,    fill  area   tal-         *&• 
ci-TrUial/toUuvlal)    ac 

Z.           base   of    slope.    Clay-            ,» 
vfSL   T77  ey    shale   at    b6"+. 

+  „,„   Salt    crystals    vis- 
CL_  "f^   jble    at    48"+.    Ap-0- 

y      1           Cj-30-48",    C4-48-66", 
\  /            IIC-66"+,    48-bb" 

/V.           SiCL;    Cyp.    Req.    = 
/     \          -1.2.    Small   grains. 

L" 

L- 

~rF   200'    S. .     1100'    M.    of 
ILI2.   Nk.    0-8*   complex, 

upland   alluvial 
T^t-   bench   remnant.    Depth 

ranges    in   unit    from 
24-50".    Ap-0-5",    B2- 
5-12",    B3-12-16", 
Clca-16-26",    C2-26- 
42",    HC-42"+.    Small 
grains. 

Lii      1500'    N. .    800'    W. 
™    SE  Cornel 

JT^     complex,     low^i    slii 

THT     shale.    Ap-0-8",   we 
B2-8-10",    B3ca-10- 
17",    Clca-17-34", 
IIC-34-48"+.    Depth 

unit    from   28-4V. 
Small  grains. 

k 

c 

Q 
C 

- 

CONVENTIONAL    AND   SPECIAL    MAP  SYMBOLS 
LAND    FEATURES                                                                    WATER    FEATURES 
VJ    Blowoul                                                                         ■'-     Morsn  or  swamp 
X     Clay  spot                                                                    0        Spring 

Gravelly    Cobbly   spot                                               ^.      Well ,  artesian 
0      Gumbo, slick   or   scabby  spol  tsodk)                           -o      Well  ,  irrigation 
i=     Dumps  and   similar   nonsoil   areas                                 ♦       Wet  spot 
V      Rock   outcrop  Includes  shale  ond  sandstone),      PITS 
V.     BatwJ  rock  (scoria)  outcrop 

{»      Slide   or  slip  (lips  point  upslopel                                  A      Gro-el 
III     Stony  spot,  very    stpny  spot                                          ™      Mine 
#      Greaseoood                                                                   DAMS 

<St     Medum  n   small 

'l2l9 

1 10 
1 10 

2  st 
12-33+" 

i2T^;g"hs  - 

J-6|-f'  h"        1 

\|7.9»,      ©           V»° 

1,-37"  s 

31     a   ■ 

86Ae     /           42  8Ac      1     ~ 

i^\i^_\        /sit  \ V 

1,-3,"  ' 

'3  536,S 
3"        ,h 

20.9  Ac         — ~ — -         f\r 
-^      7  0  Ac      *p>   ^_^J    T 

l,5-32  +  ' 
2t 

^--3.1)  At. 

.„©_ 

lOUO'S.  ,    1350'    W.    ol           y-r-v 

NE   Corner.    8-153.   com-        (£1                    S50'    N„,    35U1    L.    ot 

) 

L  + 

T^   plex,    ridge   sample,      t^t H  L~ 

t£    Unit     includes    small             o.n        +  ~ 

shale   outcrops   4                    "     H_L 
IT   severely   eroded                                   + 

spots  -   depth   to                   *jr    r,- 

Is   6-24".    Unable    to                          + 
e.tT   penetrate>72"   hard              -£T"        — 
■•*-   bedrock.    Al-0-4",                         HLL 
AC-4-7",    Clca-7-18",          a.n         + 
C2-18-72",    ItC-72"+.            *'    CL  - 
36-54"   zone:    SAR   =              „.„   ~ ~ 
0.58;    Cyp.    Req.    =   +             ls     CL  . 
3.0;    Lah  eexnire  - 
SiL.    Range-Needle-                     j  ^  h 
jndthread.     Fringed 

..„    fill   area    (alluvium) 
"**  over    shale/lignite. 

102"  +  lignlte(3" 
^   layer)    underlain   by 

carbonaceous   shale- 

place   below   root 
~  zone.    Ap-U-8",    B2- 

8-14",    B3-14-24", 
iJM    Cl-24-48",    C2-48-72", 
Tl=  C3-72-90",    C4-90-102" 
4,44  I1C-102-120"+.    48- 
•■■»-   72"    zone:    SAR   -   2.88; 

Cyp.    Req.    =    3.82; 

Lab   texture   -   SCL. 

Small   grains. 

_L_i 

+ 

u  - 

Satl 
SiC" 

SiL 

y|r   400'    N.,    1200'   W. 

'       of   SE   Corner.    0-4?. 
TT    complex,    alluvial 

fill    area.    Ap-0-7", 
\*T.   B2-7-14",    B3ca-14- 

27",    cl-27-46",    C2- 
T5?   46-60",    C3-60-90", 

C4-90-120".      60-90" 
0„    zone:    SAR  -   0.60; 
57^   Cyp.    Req.    ■=   +2.69; 

Lab    texture   -   C. 

Small   grains. 

" 

®     /^^          \        \ 

Ac     /        ft          ^          ,-JLSISAo 

2sl 

I                                     <^> 

) 

/"3.a2|6+ 

* 

L  - 
L  * 

L- 

L  - 

L     - 
L 

T»=850'    N.,    1600'    W.    of  %%* 
L*£-  EH-    0-bX   complex,                 stt 
'      fill   area    (alluvial)          £Jg_ 
^adjacent    to   drainage 
T^Thin   gravelly   zone:            "ir 
ott   J0-36".    Ap-0-4",    AC-          on 
**  4-5",    Clca   -5-20",                 '» 

C2   -20-84",    C3-84-120 
*.oi     60-84"    zone:    SAR    - 
•■»-  7.66;    Lab   Texture   - 

SiL.    Small   grains. 

„,g 

TT7    2000'    N.,    250'    E.    of        -ir- 
Sk-    0-8i   complex,                ±" 

■VrV    fans).    Al-0-4",    cl- 

4-9",    C2ca-9-18", 
¥£-    C3-18-52",    C4-52-68", 

IIC-68-120"(shales 
i£_    highly    weathered). 
^^   Lab    textures:    68-90" 

SiCL;W-120"   -SiC. 
T 10    Range-Needleand thread 
,i0-  western  wheatgrass. 

1000'    S. ,    1100'   w.             (s] 
Xj=   of   Ek.    6-25S   complex   5^ 

„  AU    lands    unit.    Some                  ~JT~ 

TT  eroded   sldeslopes                |4r- 

to    35X.    Olive-gray             ^f~ 

perma.    Al-0-2",    Cl- 
2-6",    C2ca-6-ll",    C3- 

11-18".    C4-18-30", 
UC-30"+.    30-54"+ 
zone:    SAR   "   +0.17; 
Lab   texture   SIL. 

Range-Need leand- 

',.3* 
IfFSb 

u 

Sh- 

L_ 

Tp-  1000'    N.,    625'    E.    of 
fcfer  SW   Corner.    8-15X 
£Ji  complex,    sldeslope, 
*'"    local   alluvium  over 
«£■  silty   shale.    Ap-0-5", 
20.   B2-5-8",    B3ca-8-15", 
Trr  Cl-15-28",    C2-28-40", 

IIC-40+.    Depth    to 

weathered   shale 

24-48".    15-26"   zone: 
SAR  ■=   0.07;    Gyp.    Req. 
=    2.42;    Lab    texture- 
Si.    Small   grains. 

tf     1125'N.,    925"    W.    of 

*&=■     Sk-    8-15%   complex, 
o««      ridge- line- residual 
Tt^     soil   over   soft,    silty 
shale.    Ap-0-6",    Cl- 
6-14",    C2-14-30+ 
(shale).    Small   grains 
Depth  to  weathered 

unit    from   8-18". 
Slope   to    Intermittent 
drainage    Is   20-25X. 

■VS:     1050'    N.,    1650'    W. 
,  ..      of    Ek.    0-8X   complex, 
1^7     ftL1    area-old   alluv- 

*■•        ridge    to   north.    Ap- 
0-8",    B2-8-14",    B3- 
14-20",    Clca-20-28", 
C2-28-36",    11C-36- 
46"+.    Depth   to   VGrS 
ranges    from   24-48" 
in   unit.    Small   grains 

L. 

1200'N.,    800'    E.    of 
Sk- 

Refer   to   Point    Site 

«9    for   profile 

(Appendis). 

15-395 

)1     "2  Ac.          ©    !_k 

24  3Ae^  V'V— ^^    ^-^~^^* 

Qi 

/    V                           V   69 

21 

V 

3*' 

- — T3 T"hQ- 

'Sz2  3  '2t 
2f 

T^\\ 

>««. 

26  9  4 
l524-6,"h 

©    T^rtk      L 

I      /- -O      66  3  Ac 

lT52|-3|5°  h 

12  1  Ac-. 

21 

s.l" 

SiL* 

Sh+_ 
Sh_ 

^T+'^ 

•^3.8  Ae^T-NV^^1/^^ 

v     TRT+5           © 

*4+"h 

II-I3+ 

LAND   CLAS 
LAND  CLASS  y 

SURFACE   LAYER        ~2~t 

Dtpth  / 

SEC0N0    LAYER           // 

Vh;9      /   /  ^ 

L_J            L.2.5AC. 

'5.S_I2+       L3  2fle 

SIFICATION   SYMBOLS 

, Plant  media  efficiency 

Ly Topographic  deficiency 

122^ ,q-a   informative   tyr 

1  \io.o\\       GEOLOGIC   MATERU 
\    \\    > Quality 

\       No  of  Acres 

soil  mattriol 

logic  fnattrial 

L-2  9  Ac 

nbolS 

L 
) 

\  2, 
\     1 — : — • 

\  21 

..    ■ 

,.  * 

Sh' 

(i 

CL 
LLC 

SO 

"to 
_0| 

SiC 

S( 

SOIL    PROFILE    NOTES 
PROFILE     REPRESENTS   10'  0EP 
L    PROFILE    NUM6ER 

2  6--  -2  9  EC  nil*0i  em   Sol  £«t 
64-0.0          M  oh   |>9     Sou-Wok 
ao  PH    Sal    Patll 
63  H(0roulic    ConOucti.itj 

L     PROFILE     SYMBOLS 

Sill  Loam 

Sond»  Cloy  Loom 
Cloy   Loom 
Silly  Clo»   Loom 
SonOy    Cloy 
Silly   Cloy 
Cloy 
Shah 

© 

625'    S. ,    1200'    W.    of          Tf- 
Ek.    Refer    to   Point               *Tl~ 
Site    lib   Profile 
Description   and 

laboratory   data. 
(Appendix  J . 

DIvidM 

ond  gee 

SCALE      OF      FEET 

77J       Ek-    2-12;   complex, 
■^       rtdge-llne-shaliow 
*^-       residual   soil    over 
7^       Interbedded    shale 
^3=      and   weathered   fine 
sandstone.    Where 
fine   sandstone    Is 
encountered    use   for 
subsurface   material- 
too  erosive    for 
surface    use.    Ap- 
0-6",    Cl-6-14",    C2- 
14-24",    C3-24-JO", 
C4-30-36"+.    14-24" 
^one:    SAR  -   0.52; 

INFORMATIVE      SYMBOLS 
PLANT       MEDIA     DEFICENCIES 

a     Sod-ciiy 

■      Salinity 

h      Cloy  (yeiy  tine    texture  1 

v     Coarsefvery  sandy  lexturel 

k     Gravel  (soil  profile) 

q     Available  moisture  capacity 

«     Cobbly  .slony, flaggy  oi  clinkers 
(soil  profile) 

b     Bedrock  (hard  or   portiolly  *eothered) 

TOPOGRAPHIC    DEFICENCIES 
g      Slope  (including   grodienl  and  compkuiiy 
r     Eiposed  bedrock      (.outcrops) 
c     Cover    (trees) 

^V 

DAWSON     COUNTY 
E    1/2  -  SECTION    6  ,  SECTION    8  -  T   20  N  ,  R   53    E 

jo 

X 

UNITED    STATES 

RESOURCE    a  POTENTIAL    RECLAMATION    EVALUATION 

NORTHEAST  MONTANA      INVESTIGATIONS 
UPPER    TH1RTEENMILE  CREEK  STUDY  AREA    -  MONTANA 

SEMI-DETAILED    LAND  CLASSIFICATION 

Cyp.    Req.    -   +/.51; 
Small   grains. Lab 
texture   -    SiCL. 

1 

CLAS 
CHEC 

sr/ro    0  *fS7«d«              F/£LO   APPRO(t9L 

KED                                                A  PPROVED 

BILUNGS,MONJ»NA                                  HARtf,  fM 3  |     ,  ^Q  5  w-  QQQ  _  339 

PLATE  28 


soft  sh 

ale.  Al- 

)-2" 

Cl-2-7" 

,  C2ca-7 

-30" 

30+  -  s 

hale,  hi 

Ihly 

weather 

ed.  Rang 

i   - 

wheatgr 

Needlea 

ndthread 

Fringed 

sagewor 

775'  N-,  975'E.  of 
W\.  6-151  complex- 
some  slopes  adjacen 
to  shale  outcrops 


■  to  shale  varies  from 
48"  near  outcrops 
to  120"  in  small 
drainages.  Al-0-2", 
B2-2-14",  B3ca-14- 

'  21",  Clca-21-36", 
C2-36-72",>72"  - 
shale.  All  samples 
SiL  In  lab;  36-56" 


SAR  =  2.3: 


Gyp. 


i.96. 


fans.    Al-0-3",    B2- 
3-7",    B3ea-7-16", 
Clca-16-34".    C2-34- 
120+.    Some  spots   in 
unit    have   a  gravelly 
layer    from  36-48" 
(ancient   drainage 
channels).    All 
samples   SiL   in    lab. 
Range-  Western  wheat- 
grass.    Fringed   sage- 


800'    S.    550'   M.    of 
N>t.    0-42   complex, 
alluvial  fan/terrace 
feature.    Al-0-2", 
82-2-7".    B3ca-7-l4", 
Clca-14-34",    C2-34- 
90",    03-90-120"+. 
60-90"   zone:   SAR  •= 
6.1;    Gyp.    Req.    = 
-4.4;    Lab    eexture- 


S1L.    Range  ■ 


•c      Al-0-2",    B2-2-8". 

B3ca-8-17",    Clca-17- 
,..    i4",    C2-24-120"+. 


-*#*, 


475'    N.,    and   575' 
f    E^.    6-252   conpl. 
r  idge   shallow, 
residual  soil  ove 
olive-colored 
shale    (textured   t 


.., 


-0-1" 


Cl-1- 
C3-16"+.  Range- 
Western  wheat  grass, 
Little  bluestem. 
Fringed  sagewort. 


Q^u 


^V 


50'    S.,    525'    W. 
'idlZ     f\.    6-152   comple; 
"^    unit    includes  dii 
ed  alluvial    fans 
Vr    small    intermittei 


&Mt     slopes   adja' 


o 


B2-2-7",  B3ca-7-16" 
Clca-16-38",  C2-38- 
120"+.    Range   - 

ClAf?    Buffalograss, 

Fringed   sagewort , 
scattered   Silver 


Q-, 


dK 


Q_ 


475'    N. .    2050'    W.    of 


Q-, 


Cu 


O^ 


0-. 


Q_ 


Cu 


cu 


cu 


Q-, 


SOIL    PROFILE    NOTES 
PROFILE     REPRESENTS  10' DEPTH 
fjj  SOIL    PROFILE    NUMBER 


LANO   CLASSIFICATION   SYMBOLS 
LAND  CLASS  - 


CONVENTIONAL    AND   SPECIAL    MAP  SYMBOLS 
LAND    FEATURES  WATER    FEATURES 


if -J   8  EC   m<W.0.   c 


I'B      50.1      HI 


URFACE    LAYER 
Quality 
Depth  (i 
SEC0N0     LAYER 


GEOLOGIC    MATERIAL 

\  \     \ Qualify 

\  *— Otpth(Ft) 

of  Acrit 


Blowout 

Clay   spot 

Gravelly     Cobbly    spol 

Gumbo, slick   Of   scabby   spot  (so i 

Dumps  ond   similar   nonsoil   areo: 

Rock   outcrop  (includes  shofe  ond 

BokpO    rock  (scorio)  outcrop 

Slide   or  slip  (dps  point  upskjpe) 

Stony  spot,  very    slpny  Spot 

Greosewood 


Spring 


sandstone)      PITS 


ILE     SYMBOLS 


<St    Med-u 


Sandy  Cloy  L 
Cloy    LOlm 
Silly  Cloy   Li 


INFORMATIVE      SYMBOLS 
PLANT       MEDIA     DEFICENCIES 

a        SodOly 


b     Bedrock  (hard  or  partially  weathered) 

TOPOGRAPHIC    DEFICENCIES 
g      Slope  {including  gradient  and  compieait 


a 

jo 


SCALE      OF      FEET 


DAWSON    COUNTY 
SECTION    4   -    T.20N.,  R.56  E 


UNITED    STATES 

OEPARTMENT  OF  THE  INTERIOR 

BUREAU   OF  RECLAMATION 


RESOURCE    a   I 


SEMI-DETAILED    LAND  CLASSIFICATION 


CLASSIFIED  _JLJBHiStf!i  _ 


DRAWN  SJL^HSSH TECHNICAL     APPROVAL.. 

CHECKED __     APPROVED 


mkh,,m^  1305-600-370 


PLATE   29 


5-1(4/ 
5.5  Ac 


-5-1(5) 


EXPLANATION 


#* 


DEPTH     (FT)     OF     PREFERRED    MATERIAL-.      r-DEPTH    (FT)   OF    ACCEPTABLE    MATERIAL 

.5-1(1) 
25  0  Ac-  ACREAGE 


NOTES 
^Preferred    material    refers    lo    material    that    Is    highly    desirable    for    surface    plocement    in    a    re- 
constructed   profile     It     is    nonsaline,    nonsodic,  and    permeable. 
** Acceptable    materiol   refers   to   additional    good   quality    material    immediately    below    the   preferred 
material     This   material    may   contain    slightly   higher    levels   of    soluble    salts    or     exchangeable    sodlu 
than   the    preferred    materia!     In    most   cases,    mixing   of    the    preferred    and    acceptable 
material*    should    not    appreciably    change    the    overall    quality    of    the    topsoil 


SCALE      OF      FEET 


DAWSON     COUNTY 
SECTIONS    14  8  22       -     T  15  N.  ,  R    53  E. 


UNITED     STATES 

DEPARTMENT    OF     THE    INTERIOR 

BUREAU     OF    RECLAM  ATION 

RESOURCE    a  POTENTIAL  RECLAMATION    EVALUATION 

NORTHEAST      MONTANA      INVESTIGATIONS 
SOUTHWEST    GLENDIVE     STUDY     AREA       -    MONTANA 

TOPSOILING    MATERIAL 


CLASSIFIED  -G-  ?£V".A?- FIELD     APPROVAL 

DRAWN. SJ..'J-ii°f TECHNICAL     APPROVAL. 

CHECKED APPROVED 


0//.L  INGS,   MONTANA 


UAPCH,    /««)! 


1305-600-371 


PLATE  30 


5-1(9)- 

H9Ac- 


0-  5(3  5+)- 


■0-5(2  5+) 


■5-1(9) 


EXPLANATION 


DEPTH  (FT)  OF  PREFERRED  MATERIAL 


DEPTH  (FT)  OF  ACCEPTABLE  MATERIAL 


l  r 

.5-1(1) 
25  0  Ac  -  ACREAGE 

NOTES: 
^Preferred    moterlal   refers    to   material    that   Is    highly    desirable    for    surface    placement    in   a   re- 
constructed   profile.    It     is    nonsallne,    nonsodic,  and    permeable 

KttAcceptoble    material    refers    to    additional    good    quality    material    immediately    below    the    preferred 

material  This    material    may  contain    slightly   higher    levels   of    soluble    salts    or     exchangeable   sodiurr 

than   the  preferred    matenol     In    most   cases,   mixing   of    the    preferred    and    acceptable 

materials  should    not    appreciably    change    the    overall    quality   of    the    topsoil 


SCALE      OF      FEET 


i 

T 

I 


E    1/2 


DAWSON     COUNTY 
-SECTION    6,  SECTION    8  -  T   20  N. 


R.  53   E 


UNITED     STATES 

DEPARTMENT    OF     THE   INTERIOR 

BUREAU     OF    RECLAIA  ATION 

RESOURCE    a  POTENTIAL  RECLAMATION    EVALUATION 

NORTHEAST    MONTANA      INVESTIGATIONS 
UPPER     THIRTEENMILE    CREEK  STUDY  AREA -MONTANA 

TOPSOILING    MATERIAL 


CLASSIFIED-?-  *££!*'£* FIELD     APPROVAL 

OR  A  WNJL  SlL.SS- TECHNICAL     A  PPROVA  L  . 

CHECKED APPROVED 


BILLINGS,   UONTANA 


IUrch,  llhl 


1305-600-372 


PLATE   31 


■0-.5I.5) 


0(5) 
13  Ac 


EXPLANATION 


DEPTH  (FT)  OF  PREFERRED  MATERIAL 


DEPTH  (FT)  OF  ACCEPTABLE  MATERIAL 


1  r 

5-1  (I) 
25  0  Ac  -  ACREAGE 

NOTES: 
^Preferred    material    refers    to   material    that    Is    highly    desirable    for    surface    placement    in    a    re- 
constructed   profile     It     is    nonsatine,    nonsodic,  ond    permeable 

*  *  Acceptable    material   refers   to   odditional   good   quality    material    immediately   below    the    preferred 

material     This    material    may   contain    slightly   higher    levels   of    soluble    salts    or     exchangeable   sodium 
than    the    preferred    material     In    most   cases,    mixing    of    the    preferred    and    acceptable 
materials    should    not    appreciably   change    the    overall    quality   or   the    topsoil 


SCALE      OF      FEET 


J 


L, 


DAWSON    COUNTY 
SECTION    4   -    T20N..R56E 


UNITED      STATES 

DEPARTMENT     OF     THE    INTERIOR 

BUREAU     OF    RECLAM  ATION 

RESOURCE    a  POTENTIAL  RECLAMATION    EVALUATION 

NORTHEAST     MONTANA      INVESTIGATIONS 
WOODSON    PRLA    STUDY  AREA  -  MONTANA 


TOPSOILING    MATERIAL 


<3 

WCST 

MAN 

0.L 

LSOP 

CHECKED     

BtLL.NGS,    MONTANA 


FIELD     APPROVAL 

TECHNICAL     APPROVAL 

APPROVED 

march.,,.,,    |305 _600_ 373 


PLATE   32 


35  + 


EXPLANATION 

QUANTITY    OF    USABLE    MATERIAL 
MATERIAL     FOR     PLACEMENT    BELOW    PRIMARY    PLANT    ROOT    ZONE 

DEPTH    IN    FEET    Zy 
-^ADDITIONAL    MATERIAL    IMMEDIATELY    BELOW    TOPSOILING    MATERIAL 

NOTE; 
Usable   material  for   subsurface  placement,  as   used  In  this   report,   Includes    'hct    portion   of  the  overburden  (soil 
mantle    or    bedrock)  that  should  be  placed  below   the   primary   plant   root   zone    In   reconstructed   profiles    This 
moterlol    may   be    slowly    permeable   or    moderately    sollne/sodlc,   but    Is    well    suited    for    placement   as 
Indicated-    It    Is    not   suitable    for   use    at   or    near    the    surface   without    addition   of    chemical    amendments, 
leaching,   etc 


J 


L, 


SCALE      OF      FEET 


DAWSON      COUNTY 
SECTIONS     14  8  22       -     T   15   N       R    53   E 


UNITED    STATES 

DEPARTMENT    OF    THE  INTERIOR 

BUREAU  Of  RECLAMATION 

RESOURCE    3    POTENTIAL    RECLAMATION    EVALUATION 

NORTHEAST     MONTANA      INVESTIGATIONS 
SOUTHWEST    GLENDIVE    STUDY    AREA     -    MONTANA 


SUBSURFACE   MATERIAL 


CLASSIFIED.  .  $.WJ*Z,!*N. 
DRAWN      LE    ALLSOp' 


1  'NSS,  MONTANA 


FIELD     APPROVAL 

.  TECHNICAL     APPROVAL 

CHECKED APPROVED 

"Aac"  ""\  1305-600-374 


PLATE   33 


EXPLANATION 

QUANTITY    OF    USABLE     MATERIAL 
MATERIAL    FOR     PLACEMENT    BELOW    PRIMARY    PLANT    ROOT    ZONE 

DEPTH     IN    FEET    Zy 
-^ADDITIONAL    MATERIAL    IMMEDIATELY    BELOW    TOPSOILING    MATERIAL 

NOTE. 
Usable    matenol  fot    subsurface   plocetn.nl,  os    used  In  this    report,    include.    Ihol    portion    of  the  overburden  (soil 
montle   or    bedrock)  thot  should  be  ploced  below   the  prlmory   plont   root   zone    In   reconstructed   profiles    This 
material    moy   be    slowly    permeable   or    moderately    sallne/sodlc,   but    Is    well    suited    for    placement   as 
Indicated     It    Is    not    suitable    for    use     at    or    near    the    surfoce    without    addition    of    chemlcol    amendments, 
leaching,   etc 


SCALE      OF      FEET 
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DAWSON     COUNTY 
E    1/2- SECTION    6,  SECTION    8-   T.   20N..R.  53   E. 


UNITED    STATES 

OERARTMENT    OF    THE  INTERIOR 

BUREAU    OF   RECLAMATION 

RESOURCE    a    POTENTIAL    RECLAMATION    EVALUATION 

NORTHEAST    MONTANA       INVESTIGATIONS 
upP£R     THIRTEENMILE     CREEK  STUDY  AREA  -  MONTANA 

SUBSURFACE   MATERIAL 


CLASSIFIED-?—*-*-3™-*."- FIELD     APPROVAL 

ORAWN- -?.?!!■*?? TECHNICAL     APPROVAL- 
CHECKED —  .APPROVED 


BILLINGS.  MONTANA 


UARCH,l9a! 


1  1305-600-375 


PLATE  34 


-0  r0 

08  Ac  I    I  I  Ac 


EXPLANATION 

'    QUANTITY    OF    USABLE     MATERIAL 
MATERIAL    FOR     PLACEMENT    BELOW    PRIMARY    PLANT    ROOT    ZONE 

DEPTH     IN    FEET    Zu 
-L1  ADDITIONAL    MATERIAL    IMMEDIATELY    BELOW    TOPSOILING    MATERIAL 

NOTE 
Usable    material  for    subsurface   placement,  as    used  In  this    report,    Includes    that    portion    of  the  overburden  (soil 
mantle    or    bedrock)   that  should  be  placed   below    the   primary    plant    root    zone     In    reconstructed    profiles    This 
material    may    be    slowly    permeable    or    moderately    sallne/sodic,    but    is    well    suited    for    placement    as 
Indicated     It    Is    not    suitable    for    use    at    or    near    the    surface    without    addition    of    chemical    amendments, 
leaching,   etc 


SCALE      OF      FEET 
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DAWSON     COUNTY 
SECTION    4   -    T  20  N. ,  R  56  E 


UNITED    STATES 

DEPARTMENT    OF    THE   INTERIOR 

BUREAU   OF  RECLAMATION 

RESOURCE     3    POTENTIAL     RECLAMATION    EVALUATION 

NORTHEAST     MONTANA       INVESTIGATIONS 
WOOOSON     PRLA     STUOY   AREA -MONTANA 


SUBSURFACE   MATERIAL 


CLASsineo  .Ji-HfiViV. field    approval 

DP  A  »«>_£. *>i?°* TECHNICAL     APPROVAL. 

CHECKED APPROVED 


BILLINGS,  MONTANA 


993  \  1305-600-376 
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Criteria  Used  to  Determine  Suitability  of  Overburden  Material 
For  Use  as  Plant  Media  in  Revegetat ioni.' 


Table  20 


Parameter 


Texture 


Electrical  Conductivity 
(mmhos/cm) 

pH 


Sodium  Adsorption  Ratio 
(SAR) 


Exchangeable  Sodium 
Percentage  (ESP) 


Boron  (mg/1) 
Selenium  (mg/1) 
Molybdenum  (mg/1) 

Copper  (mg/1) 
Manganese  (mg/1) 
Zinc  (mg/1) 
Lead  (mg/1) 

Cadmium  (mg/1) 
Nickel  (mg/1) 
Mercury  (mg/1) 

Iron  (mg/1) 
Nitrate-Nitrogen  (mg/1) 


Methodology 

Pipette  method  plus  sand 
sieving 

Saturation  extract/con- 
ductivity bridge 

Saturated  paste/glass 
electrode 

Calculate:  Na/    (Ca+Mg)/2; 
Ca,  Mg,  and  Na  in  meq/1 


Ammonium  acetate  ex- 
traction; calculate: 
Na/CEC  x  100Z 

Hot  water  extraction/ 
carmine  method 

Hydride  generation; 
flameless  AA 

Ammonium  oxalate  ex- . 
traction;  flameless  AA 
or  N2O  flame  AA  -  5000 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

DTPA  extraction;  AA 

Extraction  by  H2SO4; 
flameless  AA 
(quartz  cell) 


Suitable 
FSL,  VFSL,  L,  SiL,  SCL 

<4 

6.0  -  8.4 
<6 

<5 

<5 
<2 

<1 

1! 

<60 

<40 

10-15  (pH  <6) 
15-20  (pH  >6) 

<1 

2-3 

<0.5 


Limited  Suitability 
LFS,  SL,  CL,  SiCL,  SC 


4-12 


5.0 
8.4 


6.0; 
9.0 


6-9  heavy  textures 
6-12  medium  and  coarse 
textures 

5-15 


Unsuitable 


S,  LS,  SiC,  C 


>12 

<5.0; 
>9.0 

>9  -  heavy  textures 
>12  -  medium  and  coarse 
textures 


>15i/ 

>5 
>2 

>1 

±1 

>60 

>40 

15  (pH  <6) 
20  (pH  >6) 

>1 

>3 

>0.5 


Not  Established 
Not  Established 


1/  Applicable  only  to  reclamation  study  areas  in  Montana  and  North  Dakota. 
2/  Rate  2:1  -  Clay  texture  poor  if  >10,  sand  texture  if  >20. 

3/  Suspect  level  not  established  -  an  excessive  consumption  of  molybdenum  through  ingestation  of  vegetation  may  be  toxic 
to  animals.   This  concern  is  directly  related  to  the  Cu:Mo  ratio  in  the  plant  tissue. 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Woodson  PRLA  Study  Area 
Drill  Hole  81-101 


Depth  (ft) 


Type 


Suitability 


Limiting  Factor(s) 


10.0-28.0 
28.0-44.0 
44.0-60.0 
60.0-76.0 
76.0-80.0 
80.0-84.5 
121.2-131.0 


Sandy  Silt 

S  Sist 

S  Sist 

S  SiST 

Ssh 

SiSs 

SiSs 


Limited 

Limited 

Limited 

Suitable 

Limited 

Limited 

Unsuitable 


Salinity 
Salinity 
Salinity 

Texture,  Salinity 
Salinity,  %  Sodium 
pH,  %  Sodium 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Burns  Greek  Study  Area 
Drill  Hole  81-102 


Depth  (ft) 

Type 

Suitability 

10.0-33.6 

S  Silt/Gravel 

Unsuitable 

33.6-55.0 

S  Sist 

Unsuitable 

55.0-65.0 

S  Sist 

Suitable 

65.5-69.0 

Cbsh 

Unsuitable 

69.0-80.0 

C  Sist 

Limited 

80.0-105.4 

C  Sist 

Suitable 

106.2-125.0 

Sish,  SiSs 

Limited 

125.0-141.0 

Sish,  SiSs 

Limited 

141.0-147.0 

SiSs 

Suitable 

147.0-167.0 

S  Sist 

Limited 

169.8-189.0 

Sish 

Suitable 

189.0-209.4 

Sish 

Suitable 

219.5-226.6 

Sish 

Suitable 

252.1-270.0 

S  Sist 

Suitable 

Limiting  Factor(s) 

Texture,  Low  Cu:Mn 
Texture 

Texture 
Texture 

Texture 
Texture 

Texture 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Burns  Creek  Study  Area 
Drill  Hole  81-103 


Depth  (ft) 

10.0-30.0 

30.0-35.8 

35.8-47.5 

47.5-63.5 

63.5-77.0 

77.0-88.2 

88.2-110.3 

110.8-133.8 

135.0-171.0 

172.3-200.5 

200.5-204.0 

240.0-253.0 


Type 

Sand/Gravel 

SiS/Gravel 

C  Sist 

Sist 

C  Sist 

Sish 

Sish,  C  Sist 

C  Sist 

Sish,  C  Sist 

Sish 

S  Sist 

Sish 


Suitability 

Unsuitable 

Unsuitable 

Limited 

Limited 

Suitable 

Unsuitable 

Suitable 

Unsuitable 

Limited 

Limited 

Suitable 

Limited 


Limiting  Factor(s) 

Texture,  Low  Cu:Mo 

Texture 

Texture;  Low  Cu:Mo 

Texture,  Low  Cu:Mo 

Texture 

Texture 
Texture 
Texture 

Texture 


Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Upper  Thirteenmile  Creek  Study  Area 
Drill  Hole  81-104 


Depth  (ft) 

Type 

Suitability 

Limiting  Factor(s) 

10.0-32.0 

SiSs,  Sish 

Limited 

Texture,  Salinity 

32.0-48.0 

Sist 

Suitable 

— 

48.0-57.0 

Sish,  SiSs 

Limited 

Salinity 

57.0-67.5 

Sish 

Suitable 

— 

67.5-73.4 

SiSs 

Limited 

Salinity 

73.4-88.5 

C  Sist 

Suitable 

— 

88.5-94.5 

Cbsh 

Unsuitable 

Texture 

94.5-100.5 

SiSs 

Suitable 

— 

100.5-111.0 

Sish 

Limited 

Texture 

111.0-125.0 

S  Sist 

Limited 

Texture 

125.0-150.8 

Sish 

Unsuitable 

Texture,  Nickel* 

164.1-174.2 

Sish 

Limited 

Texture,  Nickel* 

177.9-202.0 

Sish 

Suitable 

— 

211.9-230.0 

Sish 

Unsuitable 

%  Sodium 

*Alkaline  condition  of  the  overburden  will  reduce  the  potential  for  nickel  toxicity, 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siitstone 

S  Sist  -  Sandy  siitstone 


Legend 


C  Sist  -  Clayey  siitstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Upper  Thirteenmile  Creek  Study  Area 
Drill  Hole  81-105 


Depth  (ft) 

Type 

Suitability 

10.0-14.0 

Sandy  SJ 

.It 

Limited 

14.0-24.0 

Sish 

Limited 

24.0-44.0 

Sish 

Suitable 

44.0-49.3 

Sh 

Suitable 

51.0-71.0 

C  Sist 

Suitable 

71.0-94.0 

C  Sist 

Limited 

94.0-101.9 

Sh 

Limited 

134.0-141.0 

Sish,  SiSs 

Suitable 

Limiting  Factor(s) 

Salinity 
Salinity 


Texture 
Texture,  Nickel* 


* Alkaline  condition  of  the  overburden  will  reduce  the  potential  for  nickel  toxicity, 

Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Southwest  Glendive  Study  Area 
Drill  Hole  81-106 


Depth  (ft) 

10.0-25.0 

33.0-57.0 

57.0-78.0 

78.0-99.0 

118.0-130.0 

130.0-140.0 


Type 

Gravel/ Sand 

Silty  Sand 

Fine  Sand 

Sh 

Ssh 

Ssh 


Suitability 

Unsuitable 

Suitable 

Suitable 

Suitable 

Unsuitable 

Unsuitable 


Limiting  Factor(s) 
Texture,  Manganese* 


%  Sodium 

%  Sodium,  Nickel* 


*Alkaline  condition  of  the  overburden  will  reduce  the  potential  for  manganese 
and/or  nickel  toxicity. 

Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Southwest  Glendive  Study  Area 
Drill  Hole  81-107 


Depth  (ft) 

10.0-15.0 

94.0-118.7 

134.1-144.0 


Type 

Silty  Sand 

Sish 

Sish 


Suitability 

Unsuitable 

Limited 

Limited 


Limiting  Factor(s) 

Texture,  Low  Cu:Mo 

Texture 

Texture,  Nickel* 


*Alkaline  condition  of  the  overburden  will  reduce  the  potential  for  nickel  toxicity. 

Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Circle  2  Study  Area 
Drill  Hole  81-108 


Depth  (ft) 

15.0-23.0 

23.1-46.6 

47.2-68.0 

68.0-72.5 

76.8-90.0 

90.0-106.8 

110.4-123.0 

123.0-147.4 

149.7-162.8 

164.0-179.0 

179.0-194.0 

194.0-206.4 

224.8-242.0 


Type 

S  Sist,  Sish 

C  Sist 

C  Sist 

Sh 

S  Sist 

Sh,  S  Sist 

Ss,  Sist 

Sish 

C  Sist 

C  Sist 

C  Sist 

Sish 

Sish 


Suitability 

Limited 

Limited 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Limited 

Unsuitable 


Limiting  Factor(s) 

Manganese*,  Salinity 

Texture,  Salinity 

Texture,  Salinity 

Texture,  Salinity 

%  Sodium 

%  Sodium 

%  Sodium 

%  Sodium,  pH 

%  Sodium,  pH 

%  Sodium,  pH 

%  Sodium 

%  Sodium 

%  Sodium 


*Alk.aline  conditon  of  the  overburden  will  reduce  the  potential  for  manganese 
toxicity. 

Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sisn  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


Table  21 
Sheet  9  of  9 


Suitability  of  Overburden  Material  for  Use  as  Plant  Media  in  Revegetation 

Circle  2  Study  Area 
Drill  Hole  81-109 


Depth  (ft) 

Type 

Suitability 

Limiting  Factor(s) 

10.0-19.5 

Sish 

Limited 

Texture, 

Salinity 

24.0-44.0 

Sish 

Limited 

Texture, 

Salinity 

44.0-64.0 

Ss 

Unsuitable 

%  Sodium, 

Salinity 

67.3-83.0 

Sish 

Unsuitable 

%  Sodium, 

Texture 

83.0-90.0 

Ss 

Unsuitable 

%  Sodium, 

Salinity 

90.0-103.5 

Sish 

Unsuitable 

%  Sodium, 

Texture 

103.5-115.0 

Ss 

Unsuitable 

%  Sodium, 

Texture 

115.0-125.0 

Sh 

Unsuitable 

%  Sodium, 

Texture 

125.0-137.7 

Sh 

Unsuitable 

%  Sodium, 

Texture 

147.0-167.0 

Sish 

Unsuitable 

%  Sodium, 

Texture 

Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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SCREENABLE    SOIL   CHARACTERIZATION 
AS    RELATED   TO 
LAND   RECLAMATION 

By 

William  B.    Peters,    Luvern  L.    Resler,    and  Robert  Vader_L/ 

Soil  is  characterized  by  laboratory  methods  to  confirm  judgement  in  field 
appraisals.   There  is  a  tendency  among  mOst  laboratory  activities  to  "over 
test";  i.e.,  perform  too  many  or  unnecessary  tests  on  certain  soils  at  the 
expense  of  not  performing  essential  or  critical  testing  on  particular  samples. 
Also,  laboratory  activities  tend  to  emphasize  comprehensive  analyses  of  samples 
from  master  sites  and  neglect  selection,  sequence,  and  quality  control  in  mass 
testing  performed  on  a  screenable  basis.   The  latter-type  testing  is  frequently 
handled  as  routine  work,  utilizing  the  least  dependable  personnel  and  considered 
not  worthy  of  competent  and  close  supervision.   Thus,  too  often  the  screenable 
laboratory  testing  becomes  a  liability  rather  than  an  asset  in  supporting  land 
classification  surveys.   Because  the  screenable  testing  represents  coverage  of 
areas  involving  a  high  sampling  density,  it  serves  as  an  extremely  important 
input  into  land  catergorization.   Therefore,  it  should  be  administered  for  per- 
formance with  respect  to  both  quality  and  quantity  commensurate  with  the  goals 
and  objectives  of  the  investigation. 

The  objective  of  characterizing  soil  and  overburden  will  be  to  support  judgment 
in  estimating  land  reclamation  potential.   (Overburden  refers  to  the  material 
consolidated  or  unconsolidated  overlying  minable  resources  in  relation  to  surface 
mining.)   Thus,  the  laboratory  analyses  must  be  performed  on  an  action  program 
basis  and  serve  a  practical  purpose.   Therefore,  it  is  essential  the  physical 
and  chemical  characteristics  of  the  soil  and  overburden  be  appraised  in  relation 
to  edaphology;  i.e.,  a  medium  suitable  for  the  support  of  plant  growth,  rather 
than  pedology. 

Because  the  laboratory  studies  should  serve  to  support  field  appraisals,  all 
laboratory  work  should  be  closely  coordinated  with  fieldwork.   For  full  effec- 
tiveness, laboratory  studies  must  be  preceded  by  field  studies.   The  number  and 
type  of  studies  will  be  determined  by  area  conditions  -  particularly  variabi- 
lity, the  controlling  project  specifications,  and  needs.   There  should  be  a 
joint  plan  between  field  and  laboratory  investigations  prior  to  taking  of 
samples  if  maximum  utilization  of  data  is  to  be  obtained.   Problems  should  be 
studied  rather  than  standard  or  routine  tests  made  (Kellogg,  1962). 


1/  Head  and  Soil  Scientists,  respectively,  Land  Utilization  Section,  Resource 
Analysis  Branch,  Division  of  Planning  Coordination,  U.S.  Department  of  the 
Interior,  Bureau  of  Reclamation,  Denver,  Colorado,  U.S.A. 


Exhibit  1 
Sheet  2  of  3 


In  submitting  soil  samples  for  laboratory  characterizations,  the  laboratory 
should  be  furnished  with  pertinent  field  appraisals  along  with  the  tentative 
land  utilization  and  quality  designation.   The  soil  and  subsoil  samples  should 
represent  genetic  horizons  with  no  more  than  60-cm  depth  per  sample.   Substrata 
samples  should  represent  uniform  overburden  with  no  more  than  200  cm  per  sample 
unless  drill  hole  diameters  preclude  obtaining  sufficient  material  for  laboratory 
and  greenhouse  studies. 

The  first  priority  in  laboratory  characterization  should  be  accomplished  by 
direct  and  indirect  measurements  for  evaluating  soil  structure  and  its  stabil- 
ity, soil-cation-exchange  capacity  or  surface  area,  and  soil  reaction.   After 
this  is  accomplished,  then  consideration  should  be  given  to  testing  that  con- 
firms, explains  the  causes  of  phenomena  previously  observed  or  predicted, 
reveals  the  presence  of  toxic  elements  (salinity  level,  boron  content,  alkali, 
acidity,  reduction  products,  etc.),  and  indicates  what  and  how  much  is  required 
to  cope  with  the  soil  deficiency  under  eventual  field  conditions  and  the 
moisture  regimen  expected  to  prevail  (Peters,  1965). 

Based  on  present  knowledge  of  the  area,  the  support  characterizations  should 
include  field  measurements  for  water  movement  and  retention  in  soil  and  labora- 
tory determinations  for  structure  stability  (Gardner,  1945)  through  measurements 
of  floe  volume  and  hydraulic  conductivity  of  fragmented  samples;  moisture  reten- 
tivity  at  15-bars  pressure;  soil  reaction  by  measurement  of  pH  in  water  and 
neutral  salt  solution;  soil  salinity  by  measurement  of  specific  electrical  con- 
ductance of  soil-water  extracts;  soil  solution  concentration  and  composition 
including  sodium  and  calcium  plus  magnesium;  cation  exchange  capacity; 
exchangeable  cation  status;  residual  gypsum;  gypsum  requirement;  acid  soluble 
carbonates;  and  others. 

Samples  collected  in  a  reduced  state  may  be  alkaline  or  neutral  while  reduced, 
but  acid  when  oxidized.   Therefore,  we  should  be  on  the  "lookout"  for  such  con- 
ditions and  characteristics  and  assure  reduced  material  is  also  analyzed  in  an 
aerated  condition.   Samples  exhibiting  acidity  upon  oxidation  should  be  further 
analyzed  to  ascertain  reduction  products  associated  with  the  observed  phenomenon. 

Should  conventional  acidity;  i.e.,  other  than  oxidation  product,  be  encountered, 
the  testing  will  be  expanded  to  include  acidity  by  measurement  of  neutral  salt 
exchange  acidity  including  aluminum,  titratable  acidity  (amount  of  acidity 
neutralized  at  a  selected  pH) ,  and  soluble  aluminum. 

In  screenable  testing,  the  characterization  for  moisture  retentivity  at 
pressures  less  than  15  bars  is  not  recommended  unless  a  suitable  use  can  be 
established.   Measurements  of  moisture  retentivity  at  15-bars  pressure  are 
recommended  because  water  content  at  this  potential  is  usually  correlated  with 
several  characteristics  including  amount  and  kind  of  clay,  surface  area,  and 
cation  exchange  capacity.   Moisture  percentages  at  this  potential  would  probably 
not  be  applicable  in  simulating  water  content  at  wilting  for  native  vegetation. 
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In  initial  screening,  diluted  soil-water  suspensions  may  be  substituted  for  the 
time-consuming,  saturated  soil  extracts  in  measuring  eLectrical  conductance  pro- 
vided limitations  are  ascertained.   Tne  reliability  of  higher  moisture  contents 
even  as  a  tool  in  screening  depends  on  the  kind  of  salts  present.   For  chloride 
salts,  the  results  will  be  only  slightly  affected  by  the  moisture  content,  but 
if  sulfate  or  carbonate  salts,  which  have  relatively  low  solubility,  are  present 
in  appreciable  quantities,  the  apparent  amount  of  soluble  salt  will  depend  on 
the  soil-water  ratio  (Richards,  1954). 

We  do  not  concur  in  the  practice  of  characterizing  vast  numbers  of  samples  for 
textural  class  through  measurements  of  particle-size  distribution.   This  blanket 
laboratory  analysis  for  soil  textural  class  is  neither  required  nor  desired. 
Particle-size  analysis  should  be  limited  to  master  site  characterization,  the 
occasional  confirmation  of  field  textural  appraisals,  and  the  training  of  new 
employees. 

In  the  screenable  characterization  of  samples,  a  procedure  for  the  sequence  of 
testing  and  screening  of  samples  should  encompass  the  following  phases.  Under 
Phase  1  of  the  scheme,  all  samples  would  be  characterized  for  (1)  soil  structure 
stability  thorugh  measurement  of  hydraulic  conductivity  on  a  fragmented  sample 
basis  during  the  6th  and  24th  hours  and  volume  of  wet  settled  floccules,  (2) 
moisture  retentivity  at  15-bars  pressure,  (3)  electrical  conductivity  of  soil- 
water  extract,  and  (4)  pH  in  water  and  in  0.01  molar  calcium  chloride  solution. 

In  the  second  phase,  selected  samples  suspected  through  the  testing  results  of 
Phase  1  to  be  salt  affected  should  be  characterized  for  electrical  conductivity 
of  the  saturation  extract  and  sodium  adsorption  ratio. 

In  the  third  phase,  selected  samples  suspected  through  the  testing  results  of 
Phase  1  and  11  to  be  salt  affected  with  respect  to  sodium  will  be  tested  for 
either  gypsum  requirement  or  residual  gypsum,  depending  on  salinity  levels  and 
associated  pH  values.   Residual  gypsum  will  be  estimated  by  measuring  calcium 
plus  magnesium  in  a  1:5  soil-water  ratio  extract  and  reported  in  milliequivalents 
per  100  grams. 

In  the  fourth  phase,  selected  samples  suspected  through  testing  results  of  Phase  1 
to  be  highly  acid  and  low  in  base  saturation  and  nonsaline  should  be  further 
characterized  for  bases  specifically  sodium  and  calcium  plus  magnesium  and  aci- 
dity including  the  aluminum  component  extractable  with  a  neutral  salt;  i.e., 
1 .ON  potassium  chloride.   This  will  enable  computation  of  effective  soil-cation- 
exchange  capacity;  i.e.,  CEC  at  soil  pH  and  the  exchangeable  aluminum  percentage 
of  this  CEC. 

In  the  fifth  phase,  selected  samples  having  been  characterized  during  Phases  1, 
11,  and  IV  to  be  saline  acid  would  be  characterized  for  soluble  aluminum. 

The  above-described  characterization  program  would  not  preclude  testing  on  a 
"complete  analysis"  basis  on  samples  from  master  sites. 
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Soils  and  Water  Laboratory  Procedures  and  References 
I,   Soil  Characterization 

A.  Physical  Properties  of  Soils 

1.  Disturbed  Hydraulic  Conductivity  is  determined  by  the  use  of 
plastic  tubes  (Richards,  et  al.,  1954,  Diagnosis  and  Improvements 
of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook.  No.  60, 
34b:112-113). 

2.  Settling  Volume,  Imoff  Cones,  (Series  510  Land  Classification 
Techniques  and  Standards  517,5.7). 

3.  Particle  Size  Analyses  are  determined  by  pipeting  and  analysis 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  41:122-123). 

4.  Particle  Density,  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis 
Part  1,  Agronomy  No.  9,  American  Society  of  Agronomy,  29:371-373), 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  39:122). 

5.  Bulk  Density,  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis  Part  1, 
Agronomy  No.  9,  American  Society  of  Agronomy,  30-1:374-390), 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  38:121-122). 

6.  Moisture  Retention  is  determined  by  ceramic  plates  (Richards,  et  al., 
1954,  Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  29,  30  and  31:109-110). 

7.  Field  Capacity  -  field  determination. 

8.  Water  holding  capacity  -  determined  by  calculation:   field  capacity- 
wilting  point  x  bulk  density  x  48  inches  =  water  holding  capacity 
per  48  inches  of  soil. 

B.  Soluble  Cations  and  Anions 

1.   Carbonates  and  bicarbonates  are  determined  with  automated  Fisher 
titralyzer  II  by  acid  titration  and  chlorides  are  determined  with 
automated  Fisher  titralyzer  II,  Specific  Ion  (Richards,  et  al.,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  82:145-146  and  84:146),  (C.  A.  Black,  et  al., 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  62-3.4.1:945-947  and  62-3.5.1:947-948),  (M.  J.  Taras,  et  al . , 
Standard  Methods  for  the  Examination  of  Water  and  Wastewater; 
Thirteenth  Edition,  for  carbonate  and  bicarbonate  only  102:52-56), 
(Bear,  et  al.,  Chemical  Analysis  of  Soils,  1964),  and  (Brown, 
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Skougstad  and  Fishman,  Techniques  of  Water  Resources  Investigation 
of  USGS,  Chapter  Al ,  "Methods  for  Collection  and  Analysis  of  Water 
Samples  for  Dissolved  Minerals  and  Gases,"  Book  5  -  Laboratory  analysis 
for  chloride  only,  p.  69). 

2.  Phosphorus  soluble  in  sodium  bicarbonate  and  Automated  Ascorbic 
Acid  (C.  A.  Black,  et  al.,  Methods  of  SoiL  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  73-4.4:1044-1049), 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979, 
EPA-600  4-79-020,  365.1:365.1-1-365.1-9). 

3.  Nitrate-Nitrite  are  determined  by  phenoldsulf onic  acid  and  by 
Automated  cadmium  reduction  (Richards,  et  al.,  1954,  Diagnosis  and 
Improvement  of  Saline  and  ALK.ali  Soils,  USDA  Agriculture  Handbook 
No.  60),  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  84.5.3:1216-1219)  and 
(M.  J.  Taras,  et  al.,  Standard  Methods  for  the  Examination  of  Water 
and  Wastewater,  1971,  Thirteenth  Edition,  133:233-237),  (Methods 
for  Chemical  Analysis  of  Water  and  Wastes,  1979  EPA-600  4-79-020, 
353.2:353.2-1-353.2-7). 

4.  Sulfate  is   determined  by  Automated  Methyl  Thymol  Blue  and  turbidimetric , 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979  EPA-600 
4-79-020,  375.2:375.2-1-375.2-4),  (M.  J.  Taras,  et  al.,  Standard 
Methods  for  the  Examination  of  Water  and  Wastewater,  1971 

Thirteenth  Edition,  156C:   334-336). 

5.  Sodium,  Potassium,  Calcium  and  Magnesium  are  determined  by  Automated 
atomic  absorption  (Perkin-Elmer ,  Analytical  Method  for  Atomic 
Absorption  Spectrophotometry,  1973),  and  (Brown,  Skougstad  and  Fishman, 
Techniques  of  Water  Resources  Investigation  of  USGS,  Chapter  Al, 
"Methods  of  Collection  and  Analysis  of  Water  Samples  for  Dissolved 
Minerals  and  Gases,"  Book  5  -  Laboratory  Analysis,  66,  109,  133  and  143). 

C.  Trace  Metals 

1.   Trace  Metals  are  determined  by  atomic  absorption  with  f Lame  or  graphite 
furnace  (Perkin-Elmer,  Analytical  Method  for  Atomic  Absorption 
Spectrophotometry,  1973),  (Brown,  Skougstad  and  Fishman,  Techniques 
of  Water  Resources  Investigation  of  USGS,  Chapter  Al ,  "Methods  for 
Collection  and  Analysis  of  Water  Samples  for  Dissolved  Minerals  and 
Gases,"  Book  5  -  Laboratory  Analysis,  50-157),  (M.  J.  Taras,  et  al . , 
Standard  Methods  for  the  Exam ination  of  Water  and  Wastewater ,  1971 
Thirteenth  Edition),  and  (Methods  for  Chemical  Analysis  of  Water 
and  Wastes,  1979  EPA-600-4-79-020) . 

D.  ChemicaL  Soil  Characterization 

1.      pH   reading   of    1:5    SoiL    Suspension   (Richards,    et    aL.,    1954,   Diagnosis 
and    Improvement    of    Saline   and   /VlkalL    Soils,    USDA   Agriculture   Handbook 
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No.  60,  21b:102),  (C.  A.  Black.,  et  al.,  Methods  of  Soil  Analysis, 
Part  2  Agronomy  No.  9,  American  Society  of  Agronomy  60-3.4:922-923) 
and  (Bear,  et  al.,  Chemical  Analysis  of  Soils,  1964). 


2.  pH  reading  in  CaCl2  Solution  (C.  A.  Black.,  et  al.,  Methods  of  Soil 
Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy 
60-3.5:923). 

3.  Saturation  Extract  taken  from  saturated  soil  paste  using  Bariod  filter 
press  and  measuring  soluble  salts  by  use  of  electrode  conductivity 
bridge  (Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils,  USUA  Agriculture  Handbook  No.  60,  2  and  3:84-88, 
27:107  and  4:89-90),  (C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis, 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  62-1:933-988) 
and  (Bear,  et  al.,  Chemical  Analysis  of  Soils,  1964). 

4.  Exchangeable  Sodium  and  Potassium  are  extracted  by  ammonium  acetate 
solution.   Cation-Exchange  Capacity  determined  using  Sodium  Acetate 

as  index  ion  and  follow  with  Ammonium  Acetate  (Richards,   et  al.,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  18:100-101  and  19:101)  and  (C.  A.  Black,  et  al., 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9  American  Society  of 
Agronomy  72-3:1033,  72-3.2.1:1034  and  57-1:891-895). 

5.  Exchangeable  Sodium  Percentage  is  determined  by  calculation  relationship 

being  H3.  x  100  (Richards,  et  al.,  1954,  Diagnosis  and  Improvement 
CEC  a 

of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  20a: 101). 

6.  Gypsum  determined  by  increase  in  soluble  calcium  plus  magnesium  content 
upon  dilution  (Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of 
Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  22c: 104). 

7.  Gypsum  Requirement  (Richards,  et  al.,  1954,  Diagnosis  and  Improvement 
of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60, 
22d:104-105). 

8.  Boron  was  determined  by  extraction  with  hot  water  (C.  A.  Black,  et  al., 
Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  75-4:1062-1063  and  62-3.6  949-951). 

9.  Percent  Organic  Carbon  is  determined  with  Technicon  Auto  Analyzer  II. 

10.  Total  Carbonate  expressed  as  %  calcium  carbonate,  acid-neutralization, 
(C.  A.  Black,  et  al.,  Methods  of  Soil  Analysis  Part  2,  Agronomy  No.  9, 
American  Society  of  Agronomy,  91-4:1387-1388),  (Richards  et  al.,  1954 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  23c : 105-106) . 

11.  SAR  (sodium  adsorption  ratio)  determined  by  calculation: 
SAR  =  Na/\/(Ca  +  Mg)/2;  Ca,  Mg,  and  Na  in  meq/1. 
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GLOSSARY 

Alluvium  -  A.  general  term  for  clay,  silt,  sand,  gravel,  or  similar 

unconsolidated  detrital  material  deposited  by  a  stream  or  other  body 
of  running  water  as  a  sorted  or  semisorted  sediment  in  the  bed  of  the 
stream  or  on  its  flood  plain  or  delta,  or  as  a  cone  or  fan  at  the  base 
of  a  mountain  slope. 

Annual  Plant  (annuals)  -  A  plant  that  completes  its  life  cycle  and  dies  in 
1  year  or  less. 

Aspect  -  The  direction  toward  which  a  slope  faces.   Exposure. 

Available  Nutrient  -  The  part  of  the  supply  of  a  plant  nutrient  in  the  soil 
that  can  be  taken  up  by  plants  at  rates  and  in  amounts  significant  to 
plant  growth. 

Available  Water  -  The  part  of  the  water  in  the  soil  that  can  be  taken  up  by 
plants  at  rates  significant  to  their  growth.   Usable:   obtainable. 

Bedrock  -  Any  consolidated  material  (shale,  sandstone,  etc.)  soft,  weathered 
or  hard  that  has  remained  in  place  and  is  relatively  unchanged. 

Broadcast  Seeding  -  Scattering  seed  on  the  surface  of  the  soil.   Contrast 
with  drill  seeding  which  places  the  seed  in  rows  in  the  soil. 

Buffer  -  Substances  in  soil  or  water  that  act  chemically  to  resist  changes 
in  reaction  of  pH. 

Calcareous  Soil  -  Soil  containing  sufficient  calcium  carbonate  (often  with 
magnesium  carbonate)  to  effervesce  visibly  when  treated  with  cold 
0.1  normal  hydrochloric  acid. 

Capillary  Water  -  The  water  held  in  the  "capillary"  or  small  pores  of  a 
soil,  usually  with  tension  greater  than  60  centimeters  of  the  water. 
Much  of  this  water  is  considered  to  be  readily  available  to  plants. 

CFS,  Cubic  feet  per  second  -  measurement  of  water  flow. 

Channel  Stabilization  -  Erosion  prevention  and  stabilization  of  velocity 

distribution  in  a  channel,  using  jetties,  drops,  revetments,  vegetation, 
and  other  measures. 

Clay  (soils)  -  (1)  A  mineral  soil  separate  consisting  of  particles  less  than 
0.002  millimeter  diameter.   (2)  A  soil  textural  class.   (3)  (engineering) 
A  fine-grained  soil  that  has  a  high  plasticity  index  in  relation  to 
the  liquid  Limits. 

Colluvium  -  A  general  term  applied  to  loose,  heterogeneous  (mixed)  deposits 
of  soil  material  and/or  rock  fragments  near  the  base  of  rather  steep 
slopes.   The  deposits  have  accumulated  through  mass  wasting  (slides), 
soil  creep,  and  local  wash. 
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Compaction  -  The  closing  of  the  pore  spaces  among  the  particles  of  soil 
and  rock,  generally  caused  by  running  heavy  equipment  over  the  area, 
as  in  the  process  of  leveling  the  overburden  material  of  strip  mine 
banks. 

Companion  Crop  -  (See  Nurse  Crop). 

Conifer  -  A  tree  belonging  to  the  order  Coniferae,  usually  evergreen  with 
cones  and  needle-shaped  or  scale-like  leaves  and  producing  wood  known 
commercially  as  "softwood." 

Contour  -  An  imaginary  line  connecting  points  of  equal  height  above  sea 
level  as  they  follow  the  relief  of  the  terrain. 

Cool-Season  Plant  -  A  plant  that  makes  its  major  growth  during  the  cool 
portion  of  the  year,  primarily  in  the  spring  but  in  some  localities 
in  the  winter. 

Deciduous  -  Refers  to  a  tree  that  sheds  all  its  leaves  every  year  at  a 
certain  season. 

Deep  Chiseling  -  Deep  chiseling  is  a  surface  treatment  that  loosens  compacted 
spoils.   The  process  creates  a  series  of  parallel  slots  on  the  contour 
in  the  spoils  surface  which  impedes  water  flows  and  markedly  increases 
infiltration. 

Density,  Forage  -  The  percent  of  ground  surface  which  appears  to  be  completely 
covered  by  vegetation  when  viewed  directly  from  above. 

Density,  Stand  -  Density  of  stocking  expressed  in  number  of  trees  per  acre. 

Dissolved  Solids  -  The  difference  between  the  total  and  suspended  solids 
in  water. 

Disturbed  Land  -  Land  on  which  excavation  has  occurred  or  upon  which  over- 
burden has  been  deposited,  or  both. 

Dozer  or  Bulldozer  -  Tractor  with  a  steel  plate  or  blade  mounted  on  the 
front  end  in  such  a  manner  that  it  can  be  used  to  cut  into  earth  or 
other  material  and  move  said  material  primarily  forward  by  pushing. 

Ecology  -  The  science  that  deals  with  the  mutual  relation  of  plants  and 
animals  to  one  another  and  to  their  environment. 

Ecosystem  -  A  total  organic  community  in  a  defined  area  or  time  frame. 

Effective  Precipitation  -  That  portion  of  total  precipitation  that  becomes 
available  for  plant  growth.   It  does  not  include  precipitation  lost 
to  deep  percolation  below  the  root  zone  or  to  surface  runoff. 

Effluent  -  Any  water  flowing  out  of  the  ground  or  from  an  enclosure  to  the 
surface  flow  network. 
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Environment  -  All  external  conditions  that  naay  act  upon  an  organism  or  soil 
to  influence  its  development,  including  sunlight,  temperature,  moisture 
and  other  organisms. 

ErodibiLity  -  The  relative  ease  with  which  one  soil  erodes  under  specified 
conditions  of  slope  as  compared  with  other  soils  under  the  same 
conditions;  this  applies  to  both  sheet  and  gully  erosion. 

Erosion  -  The  wearing  away  of  the  land  surface  by  running  water,  wind,  ice, 
or  other  geological  agents,  including  such  processes  as  gravitational 
creep.   Detachment  and  movement  of  soil  or  rock  fragments  by  water, 
wind  or  ice,  or  gravity. 

Essential  Element  (plant  nutrition)  -  A  chemical  element  required  for  the 
normal  growth  of  plants. 

Evapotranspiration  -  A  collective  term  meaning  the  loss  of  water  to  the 
atmosphere  from  both  evaporation  and  transpiration  by  vegetation. 

Excavation  -  The  act  of  removing  overburden  material. 

Fertilizer  -  Any  natural  or  manufactured  material  added  to  the  soil  in  order 
to  supply  one  or  more  plant  nutrients. 

Fertilizer  Grade  -  The  guaranteed  minimum  analysis  in  whole  numbers,  in 

percent,  of  the  major  plant  nutrient  elements  contained  in  a  fertilizer 
material  or  in  a  mixed  fertilizer.   For  example,  a  fertilizer  with  a 
grade  of  20-10-5  contains  20  percent  nitrogen  (N),  10  percent  available 
phosphoric  acid  (P2O5),  and  5  percent  water  soluble  potash  (K2O). 
Minor  elements  may  also  be  included.   Recent  trends  are  to  express  the 
percentages  in  terms  of  the  elemental  fertilizer  [nitrogen  (N), 
phosphorous  (P),  and  potassium  (K)]. 

Fill  -  Depth  to  which  material  is  to  be  placed  (filled)  to  bring  the  surface 
to  a  predetermined  grade.   Also,  the  material  itself. 

Forage  -  Unharvested  plant  material  which  can  be  used  as  feed  by  domestic 
animals.   Forage  may  be  grazed  or  cut  for  hay. 

Forest  Land  -  Land  bearing  a  stand  of  trees  at  any  age  or  stature,  including 
seedlings  and  of  species  attaining  a  minumum  of  6  feet  average  height 
at  maturity  or  land  from  which  such  a  stand  has  been  removed  but  on  which 
no  other  use  has  been  substituted.   The  term  is  commonly  limited  to  land 
not  in  farms;  forests  on  the  farms  are  commonly  called  woodland  or  farm 
forests. 

Germination  -  Sprouting;  beginning  of  growth. 

Gradation  -  A  term  used  to  describe  the  series  of  sizes  into  which  a  soil 
sample  can  be  divided. 

Grain  Size  -  Physical  size  of  soil  particle,  usually  determined  by  either 
sieve  or  hydrometer  analysis. 
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Ground  Cover  -  Any  living  or  dead  vegetative  material  producing  a  protective 
mat  on  or  just  above  the  soil  surface. 

Ground  Water  -  Subsurface  water  occupying  the  saturation  zone,  from  which 
wells  and  springs  are  fed.   In  a  strict  sense  the  term  applies  only  to 
water  below  water  table.   Also  called  plerotic  water;  phreatic 
water. 

Growing  Season  -  Determined  by  the  Lowery-Johnson  Method. 

Gully  Erosion  -  Removal  of  soil  by  running  water  with  formation  of  deep 

channels  that  cannot  be  smoothed  out  completely  by  normal  cultivation. 

Hydroseeding  -  Dissemination  of  seed  hydraulically  in  a  water  medium. 
Mulch,  lime,  and  fertilizer  can  be  incorporated  into  the  sprayed 
mixture. 

Impervious  -  Prohibits  fluid  flow. 

Infiltration  -  The  downward  entry  of  water  into  the  land  surface. 

Intermittent  Stream  -  A  stream  or  portion  of  a  stream  that  flows  only  in 
direct  response  to  precipitation.   It  receives  little  or  no  water 
from  springs  and  is  dry  for  a  large  part  of  the  year. 

Land  Classification  -  Classification  of  specific  bodies  of  land  according 
to  their  characteristics  or  to  their  capabilities  for  use.   A  use 
capability  classification  may  be  defined  as  one  based  on  both  physical 
and  economic  considerations  according  to  their  capabilities  for  man's 
use,  with  sufficient  detail  of  categorical  definition  and  cartographic 
(mapping)  expression  to  indicate  those  differences  significant  to  men. 

Land  Use  Planning  -  The  development  of  plans  for  the  uses  of  land  that,  over 
long  periods,  will  best  serve  the  general  welfare,  together  with  the 
formulation  of  ways  and  means  for  achieving  such  uses. 

Leaching  -  The  removal  of  materials  in  solution  by  the  passage  of  water 
through  soil. 

Leachate  -  Liquid  that  has  percolated  through  a  medium  and  has  extracted 
dissolved  or  suspended  materials  from  it. 

Legume  -  A  member  of  the  legume  or  pulse  family,  leguminosae.   One  of  the 
most  important  and  widely  distributed  plant  families.   Includes  many 
valuable  food  and  forage  species,  such  as  the  peas,  beans,  peanuts, 
clovers,  alfalfas,  sweet  clovers,  lespedezas,  vetches  and  kudzu. 
Practically  all  legumes  are  nitrogen-fixing  plants. 

Lime  -  From  strictly  chemical  standpoint,  refers  to  only  one  compound, 
calcium  oxide  (CaO) ;  however,  the  term  lime  is  commonly  used  in 
agriculture  to  include  a  great  variety  of  materials  which  are  usually 
composed  of  the  oxide,  hydroxide,  or  carbonate  of  calcium  or  of 
calcium  and  magnesium.   The  most  commonly  used  forms  of  agricultural 
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lime  are  ground  limestone,  raarL,  and  oyster  shells  (carbonates), 
hydrated  lime  (hydroxides),  and  burnt  iime  (oxides). 

QuickLirae  -  limestone  +  heat  (calcined),  CaO 

Hydrated  Line  -  quicklime  +  H2O   Ca(0H)2 

Slaked  lime  -  same  as  hydrated  but  slaking  equipment  is  used 

for  adding  water 
Milic  of  lime  -  water  mixture  containing  lime  in  solution  +  lime 
in  suspension 

Micro-Climate  -  A  local  climatic  condition  near  the  ground  resulting  from 
modification  of  relief,  exposure,  or  cover. 

Micro-Nutrients  -  Nutrients  in  only  small,  trace,  or  minute  amounts. 

Mined-Land  -  Land  with  new  surface  characteristics  due  to  the  removal  of 
mineable  commodity  by  surface  mining  methods  and  subsequent  surface 
reclamation. 

Mulch  -  A  natural  or  artificial  layer  of  plant  residue  or  other  materials 
placed  on  the  soil  surface  to  protect  seeds,  to  prevent  blowing,  to 
retain  soil  moisture,  to  curtail  erosion,  and  to  modify  soil  temperature. 

Natural  Revegetation  -  Natural  reestablishment  of  plants;  propagation  of 
new  plants  over  an  area  by  natural  processes. 

Natural  seeding  (Volunteer)  -  Natural  distribution  of  seed  over  an  area. 

Neutralization  -  The  process  of  adding  an  acid  or  alkaline  material  to 
water  or  soil  to  adjust  its  pH  to  a  neutral  position. 

Neutral  Soil  -  A  soil  in  which  the  surface  layer,  at  least  from  normal  plow 
depth,  is  neither  acid  nor  alkaline  in  reaction.   For  most  practical 
purposes,  soil  with  a  pH  ranging  from  6.6  through  7.3. 

Nitrogen  Fixation  -  The  conversion  of  atmospheric  (free)  nitrogen  to  nitrogen 
compounds.   In  soils  the  assimilation  of  free  nitrogen  from  the  air  by 
soil  organisms  (making  the  nitrogen  eventually  available  to  plants). 
Nitrogen  fixing  organisms  associated  with  plants  such  as  the  legumes 
are  called  symbiotic;  those  not  definitely  associated  with  plants  are 
called  nonsymbiotic. 

Nurse  Crop  -  A  planting  or  seeding  that  is  used  to  protect  a  tender  species 
during  its  early  life.   A  nurse  crop  is  usually  temporary  and  gives  away 
to  the  permanent  crop.   Sometimes  referred  to  as  a  companion  crop. 

Nutrients  -  Any  element  taken  into  a  plant  that  is  essential  to  its  growth. 

Overburden  -  Barren  rock  material,  usually  unconsolidated,  overlying  a 
mineral  deposit  and  which  must  be  removed  prior  to  mining. 
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Percolation  -  Downward  movement  of  water  through  soils. 

Permeability  -  The  measure  of  the  capacity  for  transmitting  a  fluid  through 
the  substance.   In  this  report  the  substance  is  overburden  (soil  and 
bedrock.). 

pH  -  Tne  symbol  or  terra  refers  to  a  scale  commonly  used  to  express  the 
degrees  of  acidity  or  alkalinity.   On  this  scale  pH  of  1  is  the 
strongest  acid,  pH  of  14  is  the  strongest  alkali,  pH  of  7  is  the  point 
of  neutrality  at  which  there  is  neither  acidity  or  alkalinity.   pH  is 
not  a  measure  of  the  weight  of  acid  or  alkali  contained  in  or  available 
in  a  given  volume  (-Log  of  H+  activity). 

Pollution  -  Environmental  degradation  resulting  from  man's  activities  or 
natural  events. 

Pond  -  A  body  of  water  of  limited  size  either  naturally  or  artificially 
confined  and  usually  smaller  than  a  lake. 

Rain  -  (1)  Heavy — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  in  excess  of  0.30  in.  per  hr  (over  0.03  inch  in  6  min). 

(2)  Light — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  a  trace  and  0.10  in.  per  hr  (0,01  inch  in  6  min). 

(3)  Moderate — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  0.11  in.  per  hr  (0.01+  inch  in  6  rain)  and  0.30  in. 
per  hr  (0.03  inch  in  6  rain). 

Range  Land  -  The  natural  vegetation  is  predominantly  grasses,  grasslike 
plants,  forbs,  or  shrubs. 

Percolation  Hate  -  Usually  expressed  as  a  velocity,  at  which  water  moves 
through  saturated  granular  material.   The  term  is  also  applied  to 
quantity  per  unit  or  time  of  such  movement,  and  has  been  used  erroneously 
to  designate  infiltration  rate  or  infiltration  capacity. 

Reclamation  -  The  process  of  reconverting  mined  land  to  its  former  or  other 
productive  uses. 

Reconstructed  Profile  -  The  result  of  selective  placement  of  suitable  overburden 
material  on  reshaped  spoils. 

Recreation  Land  -  Land  and  water  used,  or  usable  primarily  as  sites  for  outdoor 
recreation  facilities  and  activities. 

Reforestation  -  The  natural  or  artificial  restocking  of  an  area  with  forest 
trees. 

Regrading  -  The  movement  of  earth  over  a  depression  to  change  the  shape  of 
the  land  surface.   A  finer  form  of  backfilling. 

Rehabilitation  -  Implies  that  the  land  will  be  returned  to  a  form  and 
productivity  in  conformity  with  a  prior  land  use  plan,  including  a 
stable  ecological  state  that  does  not  contribute  substantially  to 
environmental  deterioration  and  is  consistent  with  surrounding 
aesthetic  values. 
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Revegetation  -  The  reestabiishment  of  a  vegetative  cover  foiiowing  land 
disturbance. 

Ripping  -  The  act  of  breaking,  with  a  tractor-drawn  ripper  or  long  angled 
steel  tooth,  compacted  spoils  or  rock  into  pieces  small  enough  to  be 
economical Ly  excavated  or  moved  by  other  equipment  as  a  scraper  or 
dozer. 

Runoff  -  That  portion  of  the  rainfall  that  is  not  absorbed  by  the  deep 

strata:   is  utilized  by  vegetation  or  lost  by  evaporation  or  may  find 
its  way  into  streams  as  surface  flow. 

Saline-Sodic  Soil  -  A  soil  having  a  combination  of  a  harmful  quantity  of 
soluble  salts  and  either  a  high  degree  of  sodicity  or  a  high  amount 
of  exchangeable  sodium,  or  both,  so  distributed  in  the  soil  profile 
that  the  growth  of  most  crop  plants  is  less  than  normal. 

Saline  Soil  -  A  soil  containing  enough  soluble  salts  to  impair  its  productivity 
for  plants  but  not  containing  an  excess  of  exchangeable  sodium. 

Sandstone  -  A  cemented  or  otherwise  compacted  detrital  sediment  composed 
predominantly  of  quartz  grains,  the  grades  of  the  latter  being  those 
of  sand. 

Saturation  -  Completely  filled;  a  condition  reached  by  a  material,  whether 
it  be  in  solid,  gaseous,  or  liquid  state,  which  holds  another  material 
within  itself  in  a  given  state  in  an  amount  such  that  no  more  of  such 
material  can  be  held  within  it  in  the  same  state.   The  material  is  then 
said  to  be  saturated  or  in  a  condition  of  saturation. 

Sediment  -  Solid  material,  both  mineral  and  organic,  that  is  in  suspension, 

is  being  transported,  or  has  been  moved  from  its  site  of  origin  by 

air,  water,  gravity,  or  ice  and  has  come  to  rest  on  the  earth's  surface 
either  above  or  below  sea  level. 

Sediment  Basin  -  A  reservoir  for  the  confinement  and  retention  of  silt, 
gravel,  rock,  or  other  debris  from  a  sediment-producing  area. 

Seedbed  -  The  soil  prepared  by  natural  or  artificial  means  to  promote  the 
germination  of  seed  and  growth  of  seedlings. 

Seep  -  A  more  or  less  poorly  defined  area  where  water  oozes  from  the  earth 
in  small  quantities. 

Shale  -  Sedimentary  or  stratified  rock  structure  generally  formed  by  the 
consolidation  of  clay  or  clay-like  material. 

Silt  -  Small  mineral  soil  grains,  the  particles  of  which  range  in  diameter 
from  0.05  to  0.002  mm  (or  0.02-0.002  mm  in  the  international  system). 
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Soil  (See  Acid  SoiL  and  Alkaline  Soil)  -  Surface  layer  of  the  earth,  ranging 
in  thickness  from  a  few  inches  to  several  feet  composed  of  finely 
divided  rock,  debris  mixed  with  decomposing  vegetative  and  animal  matter 
which  is  capable  of  supporting  plant  growth. 

Soil  Amendment  -  Any  substance  used  to  alter  one  or  more  of  the  many  soil 
properties.   These  Include  soil  conditioning  agents,  fertilizers,  lime 
and  manures,  to  name  a  few. 

Soil  Conserving  Crops  -  Crops  that  prevent  or  retard  erosion  and  maintain 
or  replenish  rather  than  deplete  soil  organic  matter. 

Soil  Porosity  -  The  degree  to  which  the  soil  mass  is  permeated  with  pores 
or  cavities.   It  is  expressed  as  the  percentage  of  the  whole  volume 
of  the  soil  which  is  unoccupied  by  solid  particles. 

Soil  Profile  -  A  vertical  section  of  the  soil  through  all  its  horizons  and 
extending  into  the  parent  material. 

Soil  Structure  -  The  combination  or  arrangement  of  primary  soil  particles 
into  secondary  particles,  units,  or  peds. 

Solum  -  The  upper  part  of  a  soil  profile,  above  the  parent  material,  in 

which  the  processes  of  soil  formation  are  active.   The  solum  in  natural 
soils  includes  the  A  and  B  horizons.   Usually  the  characteristics  of 
the  material  in  these  horizons  are  quite  unlike  those  of  the  underlying 
parent  material.  The  living  roots  and  other  plant  life  and  animal  life 
characteristic  of  the  soil  are  largely  confined  to  the  solum. 

Spoil  -  The  overburden  or  non-coal  material  removed  in  gaining  access  to  the 
coal  or  mineral  material  in  surface  mining. 

Spoil  Bank  (Spoil  Pile)  -  Area  created  by  the  deposited  soil  or  overburden 
material  prior  to  backfilling.  Also  called  cast  overburden. 

Stratified  -  Composed  of   or  arranged  tn,  strata  or  layers,  as  stratified 
alluvium.   The  term  is  applied  to  geological  materials.   Those  layers 
in  soils  that  are  produced  by  the  processes  of  soil  formation  are 
called  horizons,  while  those  inherited  from  parent  material  are  called 
strata. 

Strip  -  To  mine  a  deposit  by  first  taking  off  the  overlying  burden. 

Stripping  -  The  removal  of  earth  or  non-ore  rock  materials  as  required  to 
gain  access  to  the  ore  or  mineral  materials  wanted.   Tne  process  of 
removing  overburden  or  waste  material  in  a  surface  mining  operation. 

Subsoil  -  The  B  horizon  of  soils  with  distinct  profiles.   In  soils  with  weak 
profile  development,  the  subsoil  can  be  defined  as  the  soil  below  the 
plowed  soil  (or  its  equivalent  of  surface  soil)  in  which  roots  normally 
grow.   Although  a  common  term,  it  cannot  be  defined  accurately.   It 
has  been  carried  over  from  early  days  when  "soil"  was  conceived  only 
as  the  plowed  soil  and  that  under  it  as  "subsoil." 
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Substratum  -  Alluvial,  colluvial,  glacial,  or  bedrock  material  that  underlies 
the  soil  profile. 

Surface  Mining  -  Refers  to  a  procedure  of  mining  which  entails  the  complete 
removal  of  all  material  from  over  the  resource  to  be  mined  in  a  series 
of  rows  or  strips;  also  referred  to  as  "strip  mining." 

Surface  Soil  -  The  upper  part  of  arable  soils  commonly  stirred  by  tillage 
implements  or  an  equivalent  depth  (5  to  8  minches)  in  non-arable  soils. 

Suspended  Soilids  -  Sediment  which  is  in  suspension  in  water  but  which  will 
physically  settle  out  under  quiescent  conditions  (as  differentiated 
from  dissolved  material). 

Terrace  -  Sloping  ground  cut  into  a  succession  of  benches  and  steep  inclines 
for  purposes  of  cultivation  or  to  control  surface  runoff  and  minimize 
soil  erosion. 

Terraced  Slope  -  A  slope  that  is  intersected  by  one  or  more  terraces. 

Texture  (Soils)  -  Refers  to  the  fineness  or  coarseness  of  a  soil.   Specifically, 
it  refers  to  the  relative  proportions  of  the  various  soil  separates 
(sand,  silt,  clay)  in  a  given  soil. 

Topsoiling  Material  -  Material  that  is  well  suited  for  plant  media.   Desired 
characteristics  include:   fertile,  good  tilth,  permeable,  contains 
organic  matter,  nonsaline,  nonsodic  and  has  water  stable  aggregates. 

Tilth  -  The  physical  condition  of  a  soil  in  respect  to  its  fitness  for  the 
growth  of  a  specified  plant. 

Topography  -  The  shape  of  the  ground  surface,  such  as  hills,  mountains,  or 

plains.   Steep  topography  indicates  steep  slopes  or  hilly  land;  flat 

topography  indicates  flat  land  with  minor  undulations  and  gentle 
slopes. 

Toxic  Spoil  (See  also  Acid  Spoil)  -  Includes  acid  spoil  with  pH  below  4.0. 
Also  refers  to  spoil  containing  excessive  levels  of  exhangeable  sodium 
or  trace  elements  (i.e.,  selenium,  lead,  etc.). 

Transpiration  -  The  normal  loss  of  water  vapor  to  the  atmosphere  from  plants. 

Unconsolidated  (soil  material)  -  Soil  material  in  a  form  of  loose  aggregation. 

Vegetation  -  General  term  including  grasses,  legumes,  shrubs,  and  trees 
naturally  occurring  and  planted  intentionally. 

Vegetative  Cover  -  The  entire  vegetative  canopy  on  an  area. 

Volunteer  -  Springing  up  spontaneously  or  without  being  planted;  a  volunteer 
plant. 
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Weathering  -  The  group  of  processes,  such  as  chemical  action  of  air  and 
rainwater  and  of  plants  and  bacteria  and  the  mechanical  action  of 
changes  in  temperature,  whereby  rocks,  on  exposure  to  the  weather, 
change  in  character,  decay,  and  finally  crumble. 

Wildlife  -  Undoraesticated  vertebrate  animals,  except  fish,  considered 
collectively. 
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Soil/Overburden  Preplant  Analysis 

Percent  Sand,  Silt,  and  Clay  and  Saturation 

Percentage 


Sample 

%  Sand 

%  Silt 

%  Clay 

Sat.  % 

G-159 

33.5 

53.3 

13.2 

45.2 

G-160 

22.1 

60.8 

17.1 

33.4 

G-161 

0.7 

91.3 

8.0 

50.1 

G-162 

2.8 

86.6 

10.6 

39.9 

G-163 

1.0 

87.6 

11.4 

40.5 

G-164 

0.7 

65.6 

33.7 

49.8 

G-165 

32.3 

55.8 

11.9 

35.4 

G-166 

18.0 

58.9 

23.1 

38.8 

G-167 

10.7 

60.6 

28.7 

45.1 

G-168 

1.6 

64.7 

33.7 

48.7 

G-169 

4.3 

60.5 

35.2 

42.4 

G-170 

13.6 

67.3 

19.1 

43.6 

G-171 

16.0 

57.9 

26.1 

41.5 

G-172 

12.8 

56.4 

30.8 

40.0 

G-173 

15.1 

59.5 

25.4 

41.9 

G-174 

28.0 

52.0 

20.0 

35.0 

G-175 

37.0 

45.4 

17.6 

33.1 

G-176 

21.6 

67.2 

11.2 

49.6 

G-177 

26.4 

54.6 

19.0 

42.3 

G-17S 

5.3 

81.3 

13.4 

35.7 

G-213 

16.2 

67.8 

16.0 

47.5 

G-214 

8.7 

67.3 

24.0 

44.4 

G-215 

19.2 

63.5 

17.3 

37.0 

G-216 

1.8 

75.8 

22.4 

40.6 

G-217 

26.3 

55.7 

18.0 

34.8 

G-213 

27.5 

54.0 

18.5 

36.9 
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Soil/Overburden  Preplant  Analysis 

Salinity  (EC),  Exchangeable  Sodium  Percentage  (ESP), 

and  Sodium  Adsorption  Ratio  (SAR) 


ECe  x  103 

Sample 

(mmhos/cm) 

ESP 

SAR 

G-159 

0.62 

0.0 

0.1 

G-160 

0.46 

0.7 

0.3 

G-161 

3.40 

1.9 

2.8 

G-162 

4.40 

6.0 

4.1 

G-163 

5.60 

4.1 

4.6 

G-164 

7.00 

4.1 

3.3 

G-165 

0.54 

0.0 

0.1 

G-166 

1.70 

2.7 

2.3 

G-167 

2.40 

3.6 

2.9 

G-168 

4.20 

4.2 

3.2 

G-169 

5.20 

6.0 

3.6 

G-170 

0.70 

0.0 

0.3 

G-171 

0.40 

0.7 

0.4 

G-172 

0.56 

2.6 

2.3 

G-173 

5.00 

5.0 

4.7 

G-174 

5.60 

7.0 

5.3 

G-175 

8.20 

9.9 

9.3 

G-176 

0.82 

0.0 

0.1 

G-177 

0.50 

0.5 

0.3 

G-178 

1.36 

6.9 

6.0 

G-213 

0.63 

<0.1 

0.1 

G-2L4 

4.10 

6.2 

6.3 

G-215 

14.00 

20.9 

16.9 

G-216 

17.00 

26.7 

19.3 

G-217 

19.00 

22.4 

19.5 

G-218 

22.00 

23.5 

21.4 
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Soil/Overburden  Preplant  Analysis 
Cation  Exchange  Capacity  (CEC),  Calcium  (Ca), 
and  Magnesium  (Mg) 


Sample 

CEC  (meq/100  g) 

Ca  (meq/1) 

Mg  (meq/1) 

G-159 

14.0 

3.6 

1.7 

G-160 

8.8 

1.0 

2.8 

G-161 

5.3 

4.7 

26.9 

G-162 

6.7 

7.1 

32.3 

G-163 

7.3 

0.9 

47.3 

G-164 

13.5 

20.5 

61.6 

G-165 

16.2 

3.6 

1.7 

G-166 

13.6 

2.4 

9.0 

G-167 

12.4 

1.8 

17.0 

G-168 

13.9 

3.2 

33.5 

G-169 

13.0 

7.4 

42.1 

G-170 

17.8 

4.8 

1.9 

G-171 

14.4 

2.1 

1.6 

G-172 

12.7 

0.9 

1.9 

G-173 

11.0 

21.7 

24.7 

G-174 

9.2 

20.8 

29.7 

G-17  5 

8.1 

19.4 

38.2 

G-176 

16.3 

5.1 

2.7 

G-177 

14.0 

2.1 

2.1 

G-173 

12.8 

0.8 

3.8 

G-213 

18.5 

4.6 

1.3 

G-214 

12.8 

11.5 

14.0 

G-215 

8.6 

18.9 

84.9 

G-216 

8.6 

24.2 

95.4 

G-2L7 

7.6 

33.5 

103.5 

G-218 

8.1 

32.9 

98.7 
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Soil/Overburden  Preplant  Analysis 

Plant-Available  Phosphorus  (P),  Potassium  (K), 

Zinc  (Zn),  and  Iron  (Fe) 


Sample 

G-159 

G-160 

G-161 

G-162 

G-163 

G-164 

G-165 

G-166 

G-167 

G-168 

G-169 

G-170 

G-171 

G-172 

G-173 

G-174 

G-175 

G-176 

G-177 

G-178 

G-213 

G-214 

G-215 

G-216 

G-217 

G-218 


P/PPM 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
L 
0 
0 
0 
0 
0 
0 
0 
0 


K/PPM 
73 
40 
26 
35 
39 
58 
57 
28 
32 
44 
37 

118 
31 
29 
35 
28 
21 

107 
32 
41 

135 
42 
32 
35 
27 
27 


Zn/PPM 
,1 
1 
,5 
,5 
,6 
,9 


Fe/PPM 

1.3 

1.9 

7.4 

7.2 

5.7 

3.4 

.1 

1.0 

.4 

.1 

.4 

.7 

.9 

1.4 

.1 

.4 

.7 

.1 

2.5 

.5 

.1 

.2 

1.5 

.9 

1.3 

.5 
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Soil/Overburden  Preplant   Analysis 

Plant  -   Available   Manganese   (Mn) ,    Copper    (Cu), 

Nickel    (Ni),    Cadmium    (Cd),    and  Lead    (Pb) 


Sample 

G-159 

6-160 

G-161 

G-162 

G-163 

G-164 

G-16  5 

G-166 

G-167 

G-168 

G-169 

G-170 

G-171 

G-172 

G-173 

G-174 

G-175 

G-176 

G-17  7 

G-178 
G-213 

G-214 
G-215 
G-216 
G-217 
G-218 


Cu/PPM 


Mn/PPM 


Ni/PPM* 


Cd/PPM* 


Pb/PPM* 


6.2 

.9 

.01 

.32 

12.0 

.7 

0.00 

.24 

39.0 

.7 

0.00 

.32 

41.0 

.8 

0.00 

.28 

45.0 

.8 

0.00 

.29 

61.0 

1.2 

.01 

.91 

2.8 

1.1 

.03 

.33 

3.2 

.9 

.01 

.25 

6.7 

.8 

0.00 

.13 

7.9 

.7 

.01 

.39 

23.0 

.8 

0.00 

.40 

3.6 

1.1 

.04 

.66 

2.8 

1.0 

.01 

.34 

6.6 

.8 

0.00 

.36 

10.0 

.9 

.01 

.44 

14.0 

.9 

0.00 

.27 

12.0 

1.0 

.01 

.31 

4.7 

1.1 

.03 

.27 

6.4 

.9 

0.00 

.16 

34.0 

.7 

0.00 

.23 

5.3 

1.0 

.03 

.42 

11.0 

1.1 

0.00 

.22 

18.0 

.9 

0.00 

.20 

35.0 

1.0 

0.00 

.26 

32.0 

1.2 

0.00 

.27 

26.0 

1.1 

0.00 

.25 

*  DTPA  Extraction 


Soil/Overburden  Preplant  Analysis 

pH,  Total  Phosphorus  (P),  and 

Total  Potassium  (K) 
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Sample 

Soil  pH 
7.8 

P/PPM 

K/PPM 

G-159 

323.2 

1461 

G-160 

8.4 

237.9 

2238 

G-161 

8.3 

320.0 

1230 

G-162 

8.3 

292.8 

2369 

G-163 

8.1 

323.8 

2689 

G-164 

8.0 

275.0 

3859 

G-165 

7.8 

353.8 

2661 

G-166 

8.1 

338.1 

2251 

G-167 

8.5 

310.7 

2838 

G-168 

8.4 

315.6 

4541 

G-169 

8.3 

292.7 

3378 

G-170 

7.8 

393.7 

3564 

G-171 

8.1 

245.5 

3152 

G-172 

8.6 

237.0 

3102 

G-173 

7.9 

1515.0 

3345 

G-174 

7.9 

258.6 

2161 

G-175 

8.0 

273.9 

1442 

G-176 

7.5 

333.0 

2935 

G-177 

8.2 

355.3 

2036 

G-178 

8.8 

462.5 

2296 

G-213 

7.8 

550.4 

3504 

G-214 

8.3 

283.5 

3591 

G-2L5 

9.0 

305.4 

1145 

G-216 

8.6 

317.6 

2157 

G-2L7 

8.6 

363.0 

2300 

G-213 

8.6 

315.6 

2580 

Soil/Overburden  Preplant  Analysis 
Total  Calcium  (Ca),  Magnesium  (Mg) , 
Sodium  (Na) ,  and  Zinc  (Zn) 
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Sample 

Ca/PPM 

Mg/PPM 

Na/PPM 

Zn/PPM 

G-159 

8845 

11060 

106.8 

32.33 

G-160 

8837 

11000 

172.5 

29.41 

G-161 

8835 

10930 

186.8 

27.00 

G-162 

8837 

10940 

291.5 

28.90 

G-163 

8833 

10910 

312.4 

33.34 

G-164 

8805 

10960 

428.9 

50.21 

G-165 

6808 

5183 

174.0 

43.69 

G-166 

8864 

11050 

206.2 

35.42 

G-167 

8890 

11000 

299.3 

41.21 

G-168 

8917 

11010 

460.6 

53.63 

G-169 

8824 

10950 

377.6 

40.87 

G-170 

9044 

7134 

245.6 

56.85 

G-171 

8911 

11060 

259.0 

54.20 

G-172 

8909 

10990 

366.2 

53.93 

G-173 

8871 

10990 

658.2 

51.97 

G-174 

8899 

10990 

379.2 

36.00 

G-175 

8903 

10960 

494.4 

32.78 

G-17  6 

6805 

4309 

206.4 

42.53 

G-177 

8832 

11040 

206.6 

30.30 

G-178 

8899 

10990 

424.7 

36.75 

G-213 

8937 

11070 

195.5 

50.49 

G-214 

8744 

10960 

751.0 

39.84 

G-215 

8832 

10920 

1139.0 

33.95 

G-216 

8809 

10910 

1407.0 

36.48 

G-217 

8797 

10900 

1602.0 

40.44 

G-218 

8824 

10920 

1422.0 

36.00 
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Soil/Overburden  Preplant  Analysis 

Total  Boron  (B),  Manganese  (Mn), 

Iron  (Fe),  and  Copper  (Cu) 


Sample  B/PPM  Mn/PPM  Fe/PPM  Cu/PPM 

G-159  6.83  296.7  9007  9.14 

G-160  9.44  328.7  9009  7.92 

G-161.  5.00  248.7  8341  8.71 

G-162  6.75  265.3  8972  9.31 

G-163  7.59  295.1  8980  9.64 

G-164  8.12  365.5  9005  20.83 

G-165  8.14  378.8  8989  7.14 

G-166  7.16  258.4  9011  7.49 

G-167  7.55  271.9  9000  8.91 

G-168  10.31  310.2  8992  12.70 

G-169  11.06  307.5  8995  10.95 

G-170  9.45  450.5  9000  10.17 

G-171  8.42  282.6  8992  11.86 

G-172  8.06  274.4  8990  11.97 

G-173  8.59  263.0  8986  13.14 

G-174  6.76  262.6  9008  8.09 

G-175  5.48  302.2  8820  6.65 

G-176  8.55  350.9  8998  7.43 

G-177  8.14  254.6  8996  5.85 

G-178  10.32  308.9  8992  7.72 

G-213  10.03  372.5  8986  10.80 

G-214  10.80  236.8  9006  8.95 

G-215  5.18  257.7  8433  8.49 

G-216  6.43  267.1  8942  9.02 

G-217  9.87  296.7  9003  9.85 

G-218  7.67  298.0  9004  7.90 


Soil/Overburden  Preplant  Analysis 

Total  Cadmium  (Cd),  Aluminum  (Al), 

Arsenic  (As),  Molybdenum  (Mo),  and  Lead  (Pb) 
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Sample 

Cd/PPM 

Al/PPM 

As /PPM 

Mo/PPM 

Pb/PPM 

G-159 

.22 

7713 

22.61 

0 

0 

G-160 

.16 

9455 

23.66 

0 

0 

G-161 

.08 

7535 

14.44 

0 

0 

G-162 

.12 

9582 

19.49 

0 

0 

G-163 

.01 

10360 

19.35 

0 

0 

G-164 

.24 

12590 

25.37 

0 

0 

G-165 

.22 

11800 

29.81 

0 

0 

G-166 

.18 

10990 

23.46 

0 

0 

G-167 

.19 

11620 

24.09 

0 

0 

G-168 

.27 

16880 

26.10 

0 

0 

G-169 

.22 

12650 

25.96 

0 

0 

G-170 

.31 

14640 

36.25 

0 

0 

G-171 

.33 

15800 

36.99 

0 

0 

G-172 

.33 

14300 

33.54 

0 

0 

G-173 

.18 

15080 

29.73 

0 

0 

G-174 

.15 

10420 

23.86 

0 

0 

G-L75 

.20 

7760 

18.33 

0 

0 

G-176 

.15 

13010 

29.98 

0 

0 

G-177 

.12 

10870 

21.85 

0 

0 

G-178 

.13 

11740 

24.50 

0 

0 

G-213 

.28 

15200 

31.50 

0 

0 

G-214 

.26 

14710 

26.42 

0 

0 

G-215 

.31 

6955 

16.50 

0 

0 

G-216 

.20 

10240 

20.39 

0 

0 

G-217 

.30 

10890 

21.42 

0 

0 

G-218 

.26 

10530 

21.09 

0 

0 

Table  26 


Normal  Ranges  of  Selected  Elements  in  Soils* 


General  Concentration  in 
Element        Soils  (in  ppm,  except  Iron) 


Arsenic  (As)  5-13 

Boron  (B)  20-700 

Cadmium  (Cd)  1-10 

Copper  (Cu)  1-300 

Iron  (Fe)  0.15-10% 

Lead  (Pb)  2.6-25 

Manganese  (Mn)  2-20,000 

Molybdenum  (Mo)  3-8 

Nickel  (Ni)  3-300 

Selenium  (Se)  .001-3.4 

Zinc  (Zn)  10-2,000 


*  From:   E&A  Environmental  Consultants,  1982, 
Heavy  Metal  Effects  on  Plant  Growth  as 
Related  to  Animal  Nutrition. 


Table  27 


Statistical  Analysis  -  Soil/Overburden  Preplant  Analysis 
Miscellaneous  Data* 


Coefficient 
Standard  of 
Analysis           Mean       Range        Deviation  Variation 

Sand  (%)                15.5      0.7-37          11.1  0.72 

Silt  (%)               64.3     45.4-91.3        11.4  0.13 

Clay  (%)               20.2        8-35.2         7.5  0.37 

Saturation  percent      41.3     33.1-50.1         5.1  0.12 

ECe  @  25°C               5.2      0.4-22           6.0  1.15 
(mmhos/cra) 


15.5 

0.7-37 

64.3 

45.4-91.3 

20.2 

8-35.2 

41.3 

33.1-50.1 

5.2 

0.4-22 

6.37 

0-26.7 

11.7 

5.3-18.5 

10.0 

0.8-33.5 

30.0 

1.3-103.5 

5.4 

0.1-21.4 

Exchangeable  Sodium      6.37  0-26.7  7.7  1.21 
Percentage 

Cation  Exchange  11.7  5.3-18.5  3.5  0.30 
Capacity  (me/lOOg) 

Ca+2  (me/1)  10.0  0.8-33.5  10.1  1.01 

Mg+2  (me/1)  30.0  1.3-103.5  32.6  1.09 

SAR  (me/1)              5.4  0.1-21.4  6.4  1.19 


*  Data  supplied  by  Bureau  of  Reclamation. 


Table  28 


Statistical  Analyses  -  Soil/Overburden  Preplant  Analysis 
Plant-Available  Levels* 


Standard 

Coefficient 

Analysis 

Mean 
8.20 

Ranges 

Deviation 
.35 

of 

Variation 

PH 

7.50 

- 

9.00 

0.04 

P  (ppm) 

0.30 

0.00 

- 

6.00 

1.17 

3.90 

K  (ppm) 

46.50 

21.00 

- 

135.00 

20.01 

0.62 

Zn  (ppm) 

0.25 

0.10 

- 

1.10 

0.26 

1.04 

Cu  (ppm) 

0.10 

0.10 

- 

0.10 

- 

- 

Fe  (pm) 

1.57 

0.10 

- 

7.40 

2.05 

1.31 

Mn  (ppm) 

18.00 

2.80 

- 

61.00 

15.74 

0.87 

DTPA  Ni  (ppm) 

0.93 

0.70 

- 

1.20 

0.15 

0.16 

DTP A  Cd  (ppm) 

0.00 

0.00 

- 

0.04 

- 

- 

DTPA  Pb  (ppm) 

0.33 

0.13 

- 

0.91 

.15 

0.45 

Data  supplied  by  E&A  Environmental  Consultants,  Inc. 


Table  29 


Statistical  Analyses  -  Soil/Overburden  Preplant  Analysis 

Total  Levels* 


Standard 

Coefficient 

Analysis 

Mean 

Ranges 

Deviation 
238.92 

of  Variation 

P  (ppm) 

365.00 

237.00 

- 

1515.00 

0.65 

K  (ppm) 

26A7.00 

1145.00 

- 

4541.00 

826.23 

0.31 

Ca  (ppm) 

8704.00 

6805.00 

- 

9044.00 

550.77 

0.06 

Mg  (ppm) 

11840.00 

5183.00 

- 

43009.00 

6370.28 

0.54 

Zn  (ppm) 

40.33 

27.00 

- 

56.85 

8.79 

0.21 

B  (ppm) 

8.18 

5.18 

- 

11.06 

1.60 

0.20 

Mn  (ppm) 

304.10 

236.80 

- 

450.50 

48.99 

0.16 

Mo  (ppm) 

0.00 

0.00 

- 

0.00 

0.00 

0.00 

Ca  (ppm) 

0.64 

5.85 

- 

20.83 

1.88 

0.30 

Cd  (ppm) 

0.21 

0.01 

- 

0.33 

0.08 

0.38 

Pb  (ppm) 

0.00 

0.00 

- 

0.00 

0.00 

0.00 

As  (ppm) 

24.85 

14.41 

- 

36.99 

5.60 

0.23 

Fe  (ppm) 

89.40 

8345.00 

- 

9011.00 

164.36 

0.02 

*  Data  supplied  by  E&A  Environmental  Consultants,  Inc. 
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Soil/Overburden  Postharvest   Analysis 

Plant-Available   Phosphorus    (P),    Potassium    (K), 

Zinc    (Zn),    and   Iron    (Fe) 


Sample 

P/PPM 

K/PPM 

Zn/PPM 

Fe/PPM 

G-159 

6 

119 

2.5 

3.9 

G-160 

3 

109 

2.1 

3.3 

G-161 

2 

91 

1.8 

4.4 

G-162 

0 

80 

1.6 

4.3 

G-163 

0 

90 

1.6 

4.2 

G-164 

- 

86 

1.6 

4.0 

G-165 

14 

116 

.2 

.3 

G-166 

0 

71 

.1 

.3 

G-167 

6 

104 

.3 

.3 

G-168 

6 

80 

.2 

.6 

G-169 

0 

99 

.2 

.6 

G-170 

15 

201 

.1 

.4 

G-171 

0 

116 

.2 

.4 

G-172 

0 

83 

.1 

.4 

G-173 

0 

84 

.3 

.4 

G-174 

0 

102 

.1 

.6 

G-175 

2 

86 

.4 

.8 

G-176 

22 

176 

.4 

.5 

G-177 

0 

97 

.2 

.4 

G-178 

9 

116 

.1 

.9 

G-213 

7 

110 

.1 

.5 

G-214 

0 

122 

.1 

.5 

6-215 

0 

86 

.1 

.6 

G-216 

0 

89 

.3 

1.0 

G-217 

0 

99 

.2 

1.5 

G-218 

0 

81 

.2 

1.0 
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Soil/Overburden  PostharvesC  Analysis 

Plant-Available   Copper    (Cu),    Manganese    (Mn) , 

Nickel  (Ni),  Cadmium  (Cd),  and  Lead  (Pb) 


Sample 

Cu/PPM 

Mn/PPM 
30.00 

Ni/PPM- 

G-159 

1.0 

.6 

G-160 

.8 

27.00 

.5 

G-161 

.6 

32.00 

.3 

G-162 

.6 

36.00 

.3 

G-163 

.6 

38.00 

.6 

G-164 

.7 

45.00 

1.1 

G-165 

.1 

5.40 

.6 

G-166 

.1 

4.90 

.4 

G-167 

.1 

7.90 

.5 

G-168 

.1 

11.00 

.7 

G-169 

.1 

29.00 

.7 

G-170 

.1 

5.00 

1.1 

G-171 

.2 

4.10 

1.0 

G-172 

.2 

8.00 

.5 

G-173 

.1 

14.00 

.6 

G-174 

.1 

20.00 

1.0 

G-175 

.2 

18.00 

1.1 

G-17  6 

.1 

7.20 

1.5 

G-177 

.1 

6.50 

.8 

G-173 

.1 

34.00 

G-213 

.1 

6.90 

.9 

G-214 

.1 

14.00 

1.1 

G-215 

.1 

25.00 

.8 

G-216 

.1 

44.00 

1.0 

G-217 

.1 

39.00 

1.3 

G-218 

.1 

37.00 

1.6 

Cd/PPM*  Pb/PPM* 

.02  .35 

0.00  .19 

0.00  .32 

0.00  .31 

0.00  .59 

.01  1.30 

0.00  .32 

0.00  .22 

0.00  .50 

.01  .70 

0.00  .51 

0.00  .55 

0.00  .27 

0.00  .34 

0.00  .53 

0.00  .55 

0.00  .61 

.05  .54 

.01  .22 

0.00  .38 

.02  .36 

0.00  .26 

.01  .56 

0.00  .37 

0.00  .39 


*  DTPA  Extraction 


Soil/Overburden  Postharvest  Analysis 
Total  Phosphorus  (P),  Potassium  (K), 
Calcium  (Ca),  Magnesium  (Mg) ,  and  Zinc  (Zn) 


Table  31 
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Sample 

P/PPM 

K/PPM 

Ca/PPM 

Mg/PPM 

Zn/PPM 

G-159 

625.1 

3917.0 

13270 

2242 

77.6 

G-160 

235.8 

2353.0 

13170 

5798 

57.5 

G-161 

660.7 

4380.0 

9156 

2081 

79.8 

G-162 

377.5 

3071.0 

2420 

2286 

76.4 

G-163 

0.0 

3726.0 

13230 

5286 

84.3 

G-164 

279.8 

4098.0 

13270 

5595 

110.3 

G-165 

352.3 

3686.0 

13210 

6956 

86.1 

G-166 

337.8 

3637.0 

13140 

5905 

131.9 

G-167 

335.7 

1149.0 

13160 

5708 

46.6 

G-168 

347.6 

2355.0 

13320 

7111 

120.2 

G-169 

357.6 

3575.0 

4157 

3242 

253.2 

G-170 

433.7 

3300.0 

8934 

6407 

62.0 

G-171 

270.2 

276.5 

2307 

11010 

56.4 

G-172 

140.8 

1289.0 

19430 

8200 

33.0 

G-173 

270.7 

3165.0 

23090 

14390 

52.1 

G-174 

275.3 

2794.0 

23160 

16300 

44.7 

G-175 

383.9 

3151.0 

22760 

24850 

56.1 

G-176 

434.3 

2925.0 

7767 

4268 

47.0 

G-177 

345.0 

1992.0 

22980 

11810 

35.9 

G-17S 

457.7 

2346.0 

23040 

13280 

63.9 

G-213 

541.5 

2787.0 

23120 

9786 

58.4 

G-214 

270.4 

3309.0 

23000 

17730 

207.8 

G-215 

282.2 

2707.0 

22930 

20360 

518.4 

G-216 

330.7 

2740.0 

22930 

20740 

43.0 

G-2I7 

337.9 

2742.0 

22960 

19860 

42.5 

G-213 

304.6 

2863.0 

23060 

17750 

41.6 
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Soil/Overburden  Postharvest  Analysis 
Total  Boron  (B),  Manganese  (Mn) ,  Molybdenum  (Mo), 
Copper  (Cu),  and  Iron  (Fe) 


Sample 

G-159 

G-160 

G-161 

G-162 

G-163 

G-164 

G-165 

G-166 

G-167 

G-168 

G-169 

G-170 

G-171 

G-172 

G-173 

G-174 

G-17  5 

G-176 

G-177 

G-178 

G-213 

G-214 

G-215 

G-216 

G-217 

G-218 


B/PPM 

7.2 

2.7 

6.8 

9.2 

7.9 

9.6 

5.0 

10.6 

3.6 

3.7 

6.3 

16.4 

14.7 

8.5 

15.8 

15.2 

17.6 

16.1 

13.8 

16.4 

16.7 

15.9 

14.0 

13.7 

14.2 

15.1 


Mn/PPM 
293.9 
138.8 
328.9 
449.0 
381.1 
350.1 
356.2 
819.3 
139.6 
240.9 
597.6 
411.1 
253.0 
134.9 
246.6 
298.8 
427.0 
330.2 
222.9 
269.0 
339.3 
209.0 
251.2 
259.4 
287.1 
281.2 


Mo/PPM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Cu/PPM 

14.88 

15.32 

18.62 

12.34 

14.98 

23.25 

15.50 

12.03 

2.86 

12.06 

10.28 

9.65 

10.98 

6.76 

9.90 

8.92 

11.02 

6.34 

5.07 

6.04 

10.05 

8.68 

8.38 

7.54 

7.80 

8.17 


Fe/PPM 
10000 

5270 
10000 
10000 
10000 
10000 
10000 
10000 

7334 

8738 
10000 
10000 
10000 

7086 
10000 
10000 
10000 
10000 

9639 
10000 
10000 
10000 

9917 
10000 
10000 
10000 
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Soil/Overburden  Postharvest   Analysis 

Total  Cadmium   (Cd),    Lead    (Pb), 

and   Arsenic    (As) 


Sample 

Cd/PPM 

Pb/PPM 

As/PPM 

G-159 

.41 

0 

0.00 

G-160 

.45 

0 

0.00 

G-161 

.45 

0 

0.00 

G-162 

.45 

0 

0.00 

G-163 

.49 

0 

0.00 

G-164 

.61 

0 

0.00 

G-165 

.50 

0 

0.00 

G-166 

.62 

0 

0.00 

G-167 

.10 

0 

0.00 

G-168 

.34 

0 

0.00 

G-169 

.58 

0 

0.00 

G-170 

.37 

0 

0.00 

G-171 

.47 

0 

30.86 

G-172 

.45 

0 

29.86 

G-173 

.41 

0 

21.41 

G-174 

1.68 

0 

31.76 

G-175 

.35 

0 

31.47 

G-176 

.24 

0 

27.31 

G-177 

.25 

0 

18.94 

G-178 

.29 

0 

19.74 

G-213 

.44 

0 

27.44 

G-214 

.41 

0 

22.34 

G-215 

.25 

0 

20.84 

G-216 

.46 

0 

21.06 

G-2L7 

.30 

0 

21.52 

G-213 

.49 

0 

20.86 

Table  32 


Statistical  Analyses  -  Soil/Overbur den  Postharvest  Analysis 
Plant  -  Available  Levels* 


Standard 

Coefficient 

Analysis 

Mean 
8.50 

Range 
8.1 

9.10 

Deviation 
0.26 

of  Variation 

pH 

0.03 

CEC 

26.70 

20.6 

- 

37.70 

4.25 

0.16 

P  (ppm) 

3.50 

0.00 

- 

22.00 

5.67 

1.62 

K  (ppm) 

103.60 

71.00 

- 

201.00 

28.36 

0.27 

Zn  (ppm) 

0.58 

0.10 

- 

2.50 

0.73 

1.25 

Cu  (ppm) 

0.25 

0.10 

- 

1.00 

0.26 

1.04 

Fe  (ppm) 

1.39 

0.30 

- 

4.40 

1.47 

1.06 

Mn  (ppm) 

21.11 

4.10 

- 

45.00 

13.70 

0.65 

DTPA  Ni 

(ppm) 

0.79 

0.00 

- 

1.60 

0.37 

0.47 

DTPA  Cd 

(ppm) 

0.00 

0.00 

- 

0.05 

0.01 

— 

DTPA  Pb 

(ppm) 

0.42 

0.00 

- 

1.30 

0.25 

0.50 

*  Data  supplied  by  E&A  Environmental  Consultants,  Inc. 


Table  33 


Statistical  Analyses  - 


Soil/Overburden  Postharvest  Analysis 
Total  Levels* 


Standard 

Coefficient 

Analysis 

Mean 

Range 

Deviation 
113.62 

of  Variation 

P  (ppm) 

343.49 

140.80 

- 

660.70 

0.32 

K  (ppm) 

2954.70 

1149.00 

- 

4380.00 

756.72 

0.26 

Ca  (ppm) 

15884.00 

2307.00 

- 

23160.00 

7042.39 

0.44 

Mg  (ppm) 

10344.00 

2081.00 

- 

24850.00 

6564.41 

0.63 

Zn  (ppm) 

91.79 

33.02 

- 

518.40 

96.07 

1.05 

B  (ppm) 

11.42 

2.72 

- 

17.56 

4.70 

0.41 

Mn  (ppm) 

330.54 

134.90 

- 

819.30 

146.40 

0.44 

Mo  (ppm) 

0.00 

0.00 

- 

0.00 

0.00 

0.00 

Cu  (ppm) 

10.67 

2.86 

- 

23.25 

4.37 

0.41 

Cd  (ppm) 

0.46 

0.10 

- 

1.68 

0.27 

0.59 

Pb  (ppm) 

0.00 

0.00 

- 

0.00 

0.00 

0.00 

As  (ppm) 

13.29 

0.00 

- 

31.76 

12.76 

0.96 

Fe  (ppm) 

9538.00 

5270.00 

- 

10000.00 

1146.00 

0.12 

*  Data  supplied  by  E&A  Environmental  Consultants,  Inc. 


Table  34 


Correlation  Coefficients  of  Miscellaneous 
Soil/Overburden  Preplant  Analyses*  Versus  Dry  Weight 

of  Plants 


Dry  Weight  Correlation 

Vs.  Coefficient 


Sand  (%)  .011 

Silt  (%)  .108 

Clay  (%)  -.180 

Saturation  (%)  -.027 

ECe  @  25°C  (mmhos)/cm  -.270 

Exchangeable  Sodium  (%)  -.334 

Cation  Exchange  Capacity  (me/lOOg)  .058 

Sat.  Extract  Ca  (me/1)  -.250 

Sat.  Extract  Mg  (meq/1)  -.263 

SAR  -.334 

*  Data  supplied  by  Bureau  of  Reclamation 


Table  35 


Correlation  of  Dry  Weight  of  Plants  Versus 
Soil/Overburden  Preplant  and  Postharvest  Available  Levels* 


Dry  Weight 
Vs. 

Preplant 
Available 

Postharvest 
Available 

PH 

-.270 

-.099 

CEC 

-.375 

-.444 

P 

.193 

.138 

K 

.269 

.216 

Zn 

.055 

.292 

Cu 

— 

.211 

Fe 

.099 

.270 

Mn 

-.128 

-.460 

DTPA 

Ni 

-.269 

-.079 

DTPA 

CD 

.235 

-.105 

DTPA 

Pb 

.133 

-.070 

*  Data  supplied  by  E&A  Environmental 
Consultants,  Inc. 


Table  36 


Correlation  of  Dry  Weight  of  Plants  Versus 
Soil/Overburden  Preplant  and  Postharvest  Total  Levels* 


Dry  Weight 
Vs. 

pH 

K 

Ca 

Mg 

Zn 

B 

Mn 

Mo 

Cu 

Cd 

Pb 

As 


*  Data  supplied  by  E&A  Environmental 
Consultants,  Inc. 


'replant 

Postharvest 

Total 

Total 

.143 

.159 

.174 

.228 

.019 

-.369 

-.052 

-.278 

.018 

.035 

.336 

-.133 

.217 

.095 

0.000 

0.000 

-.025 

.299 

-.093 

.042 

0.000 

0.000 

.171 

-.207 
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Plant  Tissue  Data 


Sample 

P/% 

K/% 

Ca/% 

Mg/% 

As/?PM 

G-159 

.31 

2.87 

.74 

.27 

.66 

G-160 

.31 

2.04 

.59 

.57 

0.00 

G-16L 

.73 

3.46 

.29 

.51 

4.35 

G-162 

.52 

3.00 

.26 

.44 

0.00 

G-163 

.34 

2.06 

.32 

.47 

0.00 

G-164 

.58 

2.79 

.39 

.62 

3.90 

G-165 

.39 

2.20 

.47 

.67 

2.85 

G-166 

.40 

2.82 

1.21 

.34 

0.00 

G-167 

.29 

1.76 

.47 

.86 

.42 

G-168 

.50 

2.42 

.35 

.94 

2.90 

G-169 

.37 

2.04 

.44 

.99 

2.11 

G-170 

.26 

2.56 

.92 

.28 

0.00 

G-171 

.21 

1.22 

1.20 

.83 

1.37 

G-172 

.27 

1.77 

.57 

1.09 

1.24 

G-173 

.35 

2.44 

.71 

.65 

3.25 

G-174 

.35 

2.88 

.89 

.74 

1.71 

G-175 

.31 

2.43 

.64 

.54 

3.04 

G-175 

.28 

2.80 

.81 

.21 

.90 

G-177 

.26 

1.90 

.72 

.47 

.38 

G-178 

.31 

1.41 

.33 

.90 

4.46 

G-2L3 

.39 

3.66 

.65 

.24 

0.00 

G-214 

.34 

2.12 

.30 

.55 

0.0 

G-215 

.34 

1.73 

.15 

.42 

.68 

G-215 

.39 

1.70 

.19 

.41 

1.75 

G-217 

.40 

1.99 

.43 

.63 

0.00 

G-218 

.44 

1.96 

.41 

.58 

2.18 
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Plant  Tissue  Analysis 


Sample 

Cd/PPM 

Pb/PPM 

Zn/PPM 

B/PPM 

Mn/PPM 

G-159 

.49 

0.00 

35.58 

11.70 

34.63 

G-160 

.86 

1.49 

42.60 

16.76 

39.97 

G-16L 

.20 

0.00 

39.71 

12.71 

48.12 

G-162 

.48 

1.15 

37.07 

9.29 

48.75 

G-163 

.45 

.40 

30.46 

9.39 

62.05 

G-164 

.35 

0.00 

51.50 

11.33 

64.50 

G-165 

.53 

0.00 

36.84 

10.10 

82.75 

G-166 

0.00 

0.00 

38.67 

14.26 

42.50 

G-167 

0.00 

0.00 

33.55 

24.69 

27.60 

G-168 

.37 

0.00 

40.8 

24.69 

31.57 

G-169 

.46 

0.00 

237.15 

23.76 

53.20 

G-170 

.61 

1.32 

25.49 

9.74 

41.05 

G-171 

.05 

0.00 

41.37 

12.11 

29.65 

G-172 

.33 

0.00 

28.64 

22.58 

31.15 

G-17  3 

.14 

0.00 

38.58 

26.89 

49.52 

G-174 

.02 

39.58 

39.58 

24.62 

51.85 

G-175 

.12 

0.00 

40.27 

22.03 

79.75 

G-176 

0.00 

2.23 

30.67 

6.87 

27.85 

G-17  7 

.07 

0.00 

41.93 

12.93 

24.92 

G-178 

0.00 

0.00 

30.72 

46.69 

38.67 

G-2L3 

.27 

3.63 

28.02 

11.11 

41.74 

G-214 

0.00 

0.00 

30.34 

12.29 

32.07 

G-215 

0.00 

0.00 

27.99 

13.61 

46.32 

G-216 

.31 

0.00 

29.72 

13.88 

47.39 

G-217 

.64 

0.00 

36.29 

15.00 

67.85 

G-213 

0.00 

0.00 

40.30 

25.65 

73.70 
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Plant  Tissue  Analysis  (and  Dry  Weight) 


DRY 

Sample 

Fe/PPM 

Cu/PPM 

Mo/ PPM 

WT/Grams 

G-159 

121.80 

8.33 

.60 

2.35 

G-160 

172.60 

6.50 

0.00 

4.32 

G-161 

107.45 

15.77 

2.78 

2.31 

G-162 

221.60 

14.39 

2.48 

3.04 

G-163 

198.65 

8.52 

2.98 

2.61 

G-164 

212.00 

11.67 

2.28 

1.21 

G-165 

119.70 

9.85 

1.49 

2.34 

G-166 

249.15 

7.38 

1.09 

.96 

G-167 

197.55 

8.65 

0.00 

.48 

G-168 

435.55 

15.15 

.40 

3.12 

G-169 

543.00 

11.45 

3.67 

3.41 

G-170 

201.65 

5.25 

.55 

3.06 

G-171 

332.90 

4.86 

0.00 

2.92 

G-172 

576.00 

10.38 

2.09 

.92 

G-173 

196.90 

9.49 

2.55 

2.87 

G-174 

139.05 

12.20 

2.73 

1.98 

G-175 

225.50 

12.07 

2.64 

2.19 

G-176 

85.30 

5.91 

.64 

2.09 

G-177 

260.85 

10.10 

.64 

2.01 

G-178 

502.00 

6.48 

2.46 

1.90 

G-213 

98.30 

5.86 

1.19 

3.04 

G-214 

113.80 

6.22 

.73 

1.78 

G-215 

L34.95 

6.09 

3.19 

1.83 

G-216 

194.90 

8.99 

2.64 

1.01 

G-217 

113.00 

9.31 

3.19 

1.35 

G-218 

206.1 

10.11 

3.47 

2.21 

Table  38 


Statistical  Analyses  -  Plant  Dry  Weight  and  Tissue 

Analysis 


Standard 

Coefficient 

Analysis 

Mean 
2.20 

Rang 

as 

Deviation 
0.87 

of  Variation 

Dry  Wt.  (grams) 

0.48 

- 

4.32 

0.40 

P  (%) 

0.37 

0.21 

- 

0.73 

0.11 

0.30 

K  (%) 

2.31 

1.22 

- 

3.66 

0.59 

0.26 

Ca  (%) 

0.56 

0.15 

- 

1.21 

0.28 

0.50 

Mg  (%) 

0.59 

0.21 

- 

1.09 

0.24 

0.41 

As  (ppm) 

1.47 

0.00 

- 

4.46 

1.45 

0.99 

Cd  (ppm) 

0.26 

0.00 

- 

.86 

0.24 

0.92 

Pb  (ppm) 

1.92 

0.00 

- 

39.58 

7.58 

3.95 

Zn  (ppm) 

43.61 

25.49 

- 

237.15 

39.16 

0.90 

B  (ppm) 

17.10 

6.87 

- 

46.69 

8.46 

0.49 

Mn  (ppm) 

46.89 

24.92 

- 

82.72 

16.06 

0.34 

Fe  (ppm) 

229.24 

85.30 

- 

576.00 

135.44 

0.59 

Cu  (ppm) 

9.27 

4.86 

- 

15.77 

2.99 

0.32 

Mo  (ppm) 

1.79 

0.00 

- 

3.67 

1.18 

0.66 

Table   39 
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Correlation  Between  Dry   Weight    of 
Plants   and  Plant  Tissue   Analysis 


Dry 

Weight 

Correlation 

Vs. 

Coefficient 

P 

— 

K 

.187 

Ca 

.061 

Mg 

-.080 

As 

-.036 

Cd 

.472 

Pb 

— 

Zn 

.289 

B 

-.086 

Mn 

.018 

Cu 

— 

Mo 
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